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- Only 10% of spacecraft with proven Orbit Control 
Capacities did a successful deorbit maneuver with 
respect to the 25 years rule between 2000 and 2013.

The most noticeable observations made during our study 
are therefore the following:

1. There is no clear trend of improvement over the 
years in terms of global compliancy with the miti-
gation guidelines;

2. Most space objects rely on natural decay to meet 
mitigation rules;

3. The compliancy rate of spacecraft performing an 
active deorbit maneuver is slightly increasing over 
time;

4. Most objects performing a deorbit maneuver are 
doing so on a best effort basis, as they were de-
signed and launched before mitigation guidelines 
were adopted.

According to these observations, a great effort is still 
needed in order to guarantee the sustainability of space 
activities by the application of mitigation guidelines. We 
hope that an initiative such as the French Space Opera-
tions Act will help to improve the security of space op-
erations activities in the future.
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ABSTRACT 

In 2008, JEM (Japanese Experiment Module) started on 
orbit operations.
Since then, JAXA has conducted numbers of experiments 
and achieved numerous scientific goals. Meanwhile, 
numbers of hardware or software failures and human er-
rors caused by astronauts or ground operators occurred 
which resulted in scientific loss.
JAXA Human Space Safety and Mission Assurance Of-
fice (JAXA S&MA) has been working with hardware 
providers and experiment teams to solve and prevent 
failures caused by human errors.
However, unfortunately, as long as humans take part in 
hardware/software design, manufacture, tests, operations 
and project management, human error cannot be com-
pletely eliminated.
What is most essential is to continue organizational ac-
tivity in preventing errors and recover quickly from the 
error, especially errors causing safety hazard.
Root Cause Investigations of errors causing safety hazard 
and mission failure reveal that most errors were caused 
by time pressure, lack of budget etc.
However, these causes cannot be reduced or solved eas-
ily in most cases because any organization is required to 
maximize outcomes with limited resources.
Under such severe circumstances, what can JAXA S&MA 
do to reduce errors for safety and mission success?
This paper discusses Human Error Investigation and 
Root Cause Analysis conducted by JAXA S&MA.
A specific example is described analyzing the simple and 
common astronaut’s error; “Improper Mating of Power 
Cable”.
 

1. INTRODUCTION

On August 19, 2011, the installation task of the MSPR 
(Multipurpose Small Payload Rack) was conducted 
in JEM. During the installation task of the MSPR, the 
MSPR power was not supplied due to improper power 
cable mating.
Later, the cable was re-mated and the MSPR was suc-
cessfully powered on.
The Human Error Investigation Team conducted a thor-
ough investigation and made recommendations to all par-

ties involved in order to prevent the same type of error 
occurring again. 

2. MSPR IMPROPER POWER CABLE  
 CONNECTION

Figure 1 shows the location of the MSPR in JEM and 
overview of the MSPR.

 Figure 1 Location and Overview of the MSPR in JEM

MSPR was designed to install following COTS (Com-
mercial Off the Shelf) components in the rack on orbit. 

(1) MSPR DCU (DC Convertor Unit)
(2) MSPR Hub
(3) MSPR VRU (Video Recording Unit)
(4) MPC (Multi-Protocol Converter)
(5) MSPR Laptop Computer 

Figure 2 is the launch configuration of MSPR.

Figure 2 MSPR Launch Configuration
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MSPR DCU was unstowed from MSPR Work Volume 
and installed on the drawer. Figure 3 shows the installa-
tion steps.
 

Figure 3 MSPR DCU Installation Steps

After DCU installation, the MSPR was tilted down to ac-
cess its rear side for power cable mating.
132 Captive Fasteners were loosened with a ratchet to 
remove 3 Rear Panels. (See Figure 4)

Figure 4 MSPR Rear Panels Removal

Power Cable P102 was de-mated from the connector 
bracket and mated to J102.
Figure 5 and 6 show the Connector Bracket, before and 
after mating Power Cable P102.
 

Figure 5 Power Connector Bracket (Before Mating)

Figure 6 Power Connector Bracket (After Mating)

Power cable mating/de-mating is a simple task and it has 
been done by astronauts many times on orbit. However, 
in this case, the cable was not properly mated and power 
supply to the MSPR failed. 
When the cable is properly mated, the red line on J102 is 
not supposed to show. But in this case, the red line can be 
seen on J102 due to improper cable mating. (See Figure 7)
 

Figure 7 Improper Power Cable Mate

3. HUMAN ERROR INVESTIGATIONS

3. 1. Investigations

In response to this error, The Human Error Prevention 
Meeting Chair requested to start investigations and the 
following investigations were conducted.

(1) Thorough interviews with hardware developer, 
procedure writers, astronaut trainer, JEM Flight 
Control Team members and the astronaut who 
made the error.

(2) Verified all the real time voice conversations re-
corded during this task on voice loops among the 
astronaut and all Flight Control Team members.

(3) Verified the crew training records.
(4) Based on the information gathered, Verification 

Tree Analysis and Why-Why Analysis were con-
ducted.

Figure 8 shows the Improper Cable Mating ‘Why-Why 
Analysis

Figure 8 Improper Cable Mating ‘Why-Why Analysis’

3. 2. Findings

The analysis was discussed at the Human Error Preven-
tion Meeting. The findings are listed below.

(1) The hardware provider had recognized that the 
power connector was especially hard to mate com-
pletely compared to other connectors.

  The power connector was located in the part of 
the connector bracket with the poorest access and 
the diameter of the connecter was larger, which re-
quired more force for proper mating.

(2) The astronaut procedure stated ‘Check the red line 
using an inspection mirror and an LED headlamp’. 
However, this instruction was stated in parentheses 
so, the astronaut skipped this instruction, thinking 
it was only a recommendation, not a mandatory 
step to confirm proper power cable mating.

(3) The same power connectors are used commonly 
throughout the International Space Station (ISS). 
Because of this, “Hands on Training” was not per-
formed. The training team showed the astronaut 
the MSPR Engineering Model and explained the 
cable connection procedures orally.

3.3. Recommendations

Based on the findings, the meeting made the recommen-
dations listed below.

(1)  Any difficulties or concerns found at the develop-
ment phase which may affect astronaut operations 
should be reported to JAXA in order to incorporate 
them in procedure development, training and op-
erations.

(2) Any questions to astronauts should be encouraged 
especially when the questions are valuable for mis-
sion success. Asking questions should not be hesi-
tated.

These recommendations are shared among all parties in-
volved in this particular error and all astronauts.

4. ROOT CAUSE ANALYSIS (RCA)

In addition to the Human Error Prevention Meeting in-
vestigations, RCA was conducted.
Description and purpose of the RCA are as below.
‘When Performing root cause analysis, it is necessary 
to look at more than just the immediately visible cause, 
which is often the PROXIMATE CAUSE.
There are underlying ORGANIZATIONAL CAUSES 
that are more difficult to see, however, they may con-
tribute significantly to the undesired outcome and, if not 
corrected, they will continue to create similar types of 
problems. These are ROOT CAUSES.’ [1]

4.1. Proximate Cause

(1) Improper Cable Mating 
  Due to the improper power cable mating, the 

MSPR power was not supplied.

4.2. Intermediate Causes

(1) Use of COTS DCU 
  If the MSPR DCU had been designed, manufac-

tured and installed in the MSPR, power cable con-
nection would not have been required.

(2) Limited Development Cost
  Purchasing COTS DCU was beneficial to the hard-

ware development team to minimize the develop-
ment cost.

  To minimize structural analysis and test costs, 
COTS 

  DCU was designed to be launched in the experi-
ment storage locations in the MSPR and to be in-
stalled in orbit. Therefore, it was also beneficial to 
the hardware development team.

(3) Launch Schedule Pressure
  To meet the HTV-2 launch schedule, COTS DCU 

was beneficial to the hardware development team 
in the aspect of shortening the MSPR development 
schedule.

4.3. Root Causes

4.3.1. Political Root Causes

(1) ‘Lack of a National Vision for Space’ [2]
  Absence of clear visions and roadmaps for the Jap-

anese human space flight program is influencing 
inappropriate allocation of resources in the JAXA 
ISS Program.

(2) ‘Merging Conflicting Interests’ [3]
 As the budget for the JAXA ISS Program shrinks, 

expectations are escalating and schedule pressure 
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is heightening. This is the conflict of the JAXA ISS 
Program.

4.3.2. Organizational Root Causes

“An Agency Trying to Do Too Much with Too Little” [4] 
The political root causes above are affecting the JAXA 
ISS Program in the following areas.

(1) Proper H/W development, management and orga-
nizational decision making.

(2) Maintaining adequate technical knowledge and 
skills of JAXA engineers and contractors.

(3) Maintaining adequate level of S&MA knowledge, 
skills and risk management.

(4) Close internal and mutual communication within 
the organization.

Figure 9 shows Improper Cable Mating ‘Root Cause 
Analysis.

Figure 9 Improper Cable Mating ‘Root Cause Analysis’ 

5. WHAT CAN JAXA S&MA DO TO 
 REDUCE HUMAN ERRORS FOR  
 SAFETY AND MISSION SUCCESS?

5.1. Common Root Causes

MSPR Improper Power Cable Connection Investigation 
and Root Cause Analysis revealed that the same political 
and organizational causes which caused the error ana-
lyzed in this paper also caused the tragedies of human 
space flight in the past.
Fortunately, JAXA has not experienced any safety acci-
dents in JEM yet, because the JAXA ISS Program team 
members and managers maintain a high ‘Safety First 
Mind’.
However, there is already an undesirable environment 
where safety accidents could happen in JEM once the 
“Safety First Mind” degrades in the Program.

5.2. What JAXA S&MA can do?

Then, what can JAXA S&MA do to reduce human errors 
for safety and mission success?
Here are the effective ways to reduce human errors and 
maintain Safety & Mission Assurance in JEM.

(1) Educating the members and the managements that 
the root causes of simple human errors in JEM and 
the root causes of tragedies in human space flight 
in the past are common.

(2) Educating the members and the managements that 
there is already an undesirable environment where 
safety accidents could happen in JEM once the 
‘Safety First Mind’ degrades in the Program.

(3) Monitoring a ‘Safety First Mind’ in the organiza-
tion by participating in program meetings, design 
reviews, safety reviews and on orbit operation 
meetings.

(4) In the case that any indications of ‘Safety First 
Mind’ degradation are found, JAXA S&MA should 
let the team members and managements know and 
work together with them for correction at an orga-
nizational level.

6. CONCLUSIONS

As discussed, the role of JAXA S&MA is to monitor and 
correct the JAXA ISS Program in order to maximize the 
outcome, keep on schedule and assure safety, within lim-
ited resources.
As the JEM operation is extended, there will be increas-
ing safety concern created by degradation of the key 
components.
However, the limitation of resources and increasing out-
come requirement will not be changed.
Therefore, JAXA S&MA must be responsible for guiding 
the program in the right direction.
This is similar to operating the ISS to maintain its correct 
orbit and attitude with limited resources. 
Figure 10 shows the ISS orbit and Figure 11 shows the 
ISS attitude.
Without orbit and attitude control burns, the ISS would 
not be able to maintain a healthy condition due to dis-
turbances such as earth atmosphere drag and fluctuating 
gravity force between the earth and the ISS, etc.
 

Figure 10 ISS Orbit

Figure 11 ISS Attitude

Assuming that these disturbances are the root causes de-
scribed in Chapter 4.3, and that the ISS is the JAXA ISS 
Program, JAXA S&MA monitors deviations of the ISS 
orbit and attitude caused by disturbances. 
When any deviations are observed, JAXA S&MA should 
instruct the ISS to make burns to correct the orbit and 
attitude of the ISS.
In order to make a good burn, a sufficient amount and 
good quality of propellant should be filled in the propel-
lant tanks and without ‘S&MA’ mind, high quality pro-
pellant cannot be produced.
Figure 11 shows the HTV (H-  Transfer Vehicle) main 
thruster burn using ‘S&MA mind-full’ propellant.

 

Figure 12 HTV Main Thrusters Burn with S&MA
propellant tanks.
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outcome, keep on schedule and assure safety, within lim-
ited resources.
As the JEM operation is extended, there will be increas-
ing safety concern created by degradation of the key 
components.
However, the limitation of resources and increasing out-
come requirement will not be changed.
Therefore, JAXA S&MA must be responsible for guiding 
the program in the right direction.
This is similar to operating the ISS to maintain its correct 
orbit and attitude with limited resources. 
Figure 10 shows the ISS orbit and Figure 11 shows the 
ISS attitude.
Without orbit and attitude control burns, the ISS would 
not be able to maintain a healthy condition due to dis-
turbances such as earth atmosphere drag and fluctuating 
gravity force between the earth and the ISS, etc.
 

Figure 10 ISS Orbit

Figure 11 ISS Attitude

Assuming that these disturbances are the root causes de-
scribed in Chapter 4.3, and that the ISS is the JAXA ISS 
Program, JAXA S&MA monitors deviations of the ISS 
orbit and attitude caused by disturbances. 
When any deviations are observed, JAXA S&MA should 
instruct the ISS to make burns to correct the orbit and 
attitude of the ISS.
In order to make a good burn, a sufficient amount and 
good quality of propellant should be filled in the propel-
lant tanks and without ‘S&MA’ mind, high quality pro-
pellant cannot be produced.
Figure 11 shows the HTV (H-  Transfer Vehicle) main 
thruster burn using ‘S&MA mind-full’ propellant.

 

Figure 12 HTV Main Thrusters Burn with S&MA
propellant tanks.
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