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Abstract: The H-lII Transfer Vehicle (HTV) is the cargo transportation vehicle to the
International Space Sation (1SS), which is developed and operated by Japan Aerospace
Exploration Agency (JAXA). Three flights of HTV were successfully completed in 2009, 2011
and 2012. Subsequent flights are scheduled once per a year. In this paper, HTV flight planning
activities are presented. First, trajectory planning is discussed based on experiences from the
accomplished three HTV flights. It discusses the trajectory planning process how to harmonize
with the ongoing ISS operation and other mission constraints, to realize safe and on-time flight.
Secondary, determination and validation process for mission specific parameters loaded to the
flight software is presented. HTV has the flexible attitude and maneuver control capability to
allow wide range of cargo mass property, realizing the versatile cargo transportation and
disposal service to ISS. Lastly, the real-time operation aspect is presented. As a visiting vehicle
to the ISS, HTV operation is jointly conducted by both of HTV/ISS operation teams. It is
discussed what activities are conducted by the ground control team to ensure the safe and on-
time flight, from the viewpoint of real-time trajectory operation.
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1. Introduction

The H-II Transfer Vehicle (HTV) is the cargo transation vehicle to the International
Space Station (ISS), which is developed and optatelapan Aerospace Exploration Agency
(JAXA). The HTV1, HTV2 and HTV3 were successfullgwn in 2009, 2011 and 2012
respectively, and completed the cargo transporta@vice to ISS as planned. Additional four
subsequent flights are scheduled once per a year.

As the results of three successful flights, it wapressed to the international partners joining
the ISS mission operation that the HTV provideg saifd on-time flight for cargo transportation.
Also, the HTV flight operation was well harmonizeth the ongoing ISS mission operation,
where it is important to match the ISS crew workiingeline and ensure the ISS crew safety.

Figure 1 illustrates the overview of HTV flight aj#ion. The HTV is launched by the H-11B
Japanese rocket from Tanegashima Space CenteHTVés inserted to the orbit of which
inclination is the same as the ISS. On-time lausdonducted at the timing when the ISS orbit
passes over the launch site. After the separatam the rocket, HTV mission control center at
Tsukuba Space Center takes over the mission coiittelHTV flies adjusting the phase



distance to the ISS for several days, in ordee#dize on-time arrival. The rendezvous trajectory
and maneuvers are planned prior to the launchltedround operators monitor that the vehicle
follows the planned trajectory. The maneuver d¥l@ad ignition time are automatically
calculated by onboard flight software using thesastate vectors of the ISS and the HTV, and
each maneuver is conducted with Go command frongrivend operator. When the HTV comes
into the region of approximate 100km backward fithen ISS, the proximity operation is
initiated as the joint operation between HTV an8 t8ams. Since there is a risk of HTV
collision to the ISS during the proximity operatitine ISS safety is prioritized as the most
important factor to conduct the rendezvous flighterefore, the proximity operation trajectory
to approach the ISS is strictly determined ensuitiegsafety under any contingency scenario,
and deviation from the pre-determined approaclkedteayy is not allowed. Maneuvers are
conducted to follow the safety ensuring trajectditye HTV flies to the point 500m below the
ISS, and the final approach along R-bar is condliziehe capture point 10m below the ISS.
Finally, the HTV is captured by the robotics armtbe ISS and berthed to the nadir port of the
ISS. After completion of cargo unloading and disggdsading, the HTV departs from the ISS.
To ensure the safety to the ISS, the HTV depaltsviong the pre-determined departure
trajectory to the orbit 5km below the ISS with fonaneuvers. Reentry is conducted with three
separated maneuvers. Since reentry destructidrediTV needs to be done within the allowed
region on the south pacific ocean, the HTV waitstiie appropriate timing to perform the first
de-orbit maneuver. The reentry trajectory after plation of the last third de-orbit maneuver is
monitored to confirm the safe reentry to the spedifegion.

The photograph of the HTV3 arrival below the ISShewn in Fig. 2. The HTV3 is located
at approximate 10m below the ISS and waiting ferdapture by the robotics arm. The
rendezvous flight of the HTV3 was on time as plahaed the HTV3 was safely captured by the
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Figure 1. Overview of the HTV flight operation



Figure 2. Photograph of HTV3 arrival below | SS

2. Flight Planning Activities

2.1 Overview of Pre-flight Planning Process

This paper focuses on the following items of prghil planning process, which are major

activities related to HTV flight operation.
- To determine rendezvous and reentry trajectory
- To determine onboard software parameters speoigacth flight
- To prepare operation procedures used for flightatpm

As for the rendezvous flight, the pre-flight plangiprocess is started approximately six
months prior to the launch and continued until tiays before the launch. For the reentry flight,
the preliminary flight planning is done before labinand the final planning process starts one
month prior to departure from the ISS and continuetil two days before the departure. Since
all the conditions (such as ISS trajectory ephesn&tTV mass property, and so on) used for the
pre-flight planning process are not fully fixed ytthe early stage of six months prior to the
launch, the pre-flight planning process is repeatsdithe planning results are matured through
the process repetition.

The trajectory planning is conducted seven timesdndezvous and six times for reentry.
The process to determine onboard software parasieiess approximate one month to complete
the verification. It is conducted twice; the ficsicle is conducted at the early stage to confirm
that there are any technical issues or not, andagbend cycle is conducted approximate two
months before the launch, when all the conditiordiaed and the onboard software parameters
are valid for the actual flight. The operation mdares are continuously maintained until the
flight, and the major updates are done to incoreaditze onboard software parameters update.
Figure 3 illustrates the pre-flight planning praeésr rendezvous, and Fig. 4 illustrates that for
reentry. The pre-flight planning process is condddequentially, since the results of previous
process is necessary to conduct the next prochssiefuired inputs for the rendezvous flight
planning are as follows.



- ISS ephemeris: ISS mission operation team provibdesestimated orbit including
duration of the HTV rendezvous

- Arrival date/time at ISS: ISS program and missi@eration team request data/time
of the HTV arrival based on the situation of th& IRission operation

- Flight duration: HTV mission operation team deteres it considering all the
constraints of the ISS, the launch rocket and thg H

- Launch day: Launch rocket program and HTV progratemnine allowable launch
period

- HTV mass property at launch: HTV system integrateam provides the data

Using the above-mentioned inputs, the followindgs$aare sequentially conducted as the pre-

flight planning process for the rendezvous flight.

1)

2)

3)

4)

5)

6)

Trajectory planning: Using the inputs of ISS ephesjearrival date/time at ISS, flight
duration and launch day, the rendezvous traject®rgenerated from the launch rocket
separation to the ISS arrival. In this process]dhach time is also determined as the timing
when the ISS trajectory passes over the launch site

Maneuver delta-V and fuel consumption evaluatiohe Tplan for all the maneuvers is
generated, based on the trajectory planning resAliso, fuel consumption profile is
evaluated based on the maneuver plan, and it dsfosenass property evaluation.

HTV mass property profile during flight: Fuel comsption profile is reflected to generate
HTV mass property profile during flight. The massygerty information includes total mass,
moment of inertia and center of gravity of the oihi

Determination of onboard software parameters: BaseHTV mass property profile during
flight, control parameters are determined to reatitable attitude and translational control.
The variation of HTV mass property during flight tsken into account, and two sets of
control parameters are determined. The first seemsothe flight from rocket separation to
the end of orbital phase adjustment period (appnately 500km phase distance from the
ISS), and the second set covers the flight to 8& drrival after the transition from the first
set of control parameters. Also, guidance parameter determined based on the trajectory
planning results.

Validation test for onboard software parameterdiddtion tests for the determined onboard
software parameters are conducted using the flgghtivalent software simulator. The
validation tests simulate the same flight profitethe planned trajectory. The variation of
mass property and the off-nominal scenario arerparated to the test conditions to confirm
the robustness of the onboard software parameters.

Operation procedures generation: All the resultplahning process are incorporated to
operation procedures. The execution timing and tauraof each operation procedure are
considered to be consistent with the planned tr@ijgc

As for the reentry planning process, the inputsdifferent from the rendezvous planning

process, however the same tasks are applied faheing process as the rendezvous flight. As
the first planning process, the reentry trajectergenerated. Based on the reentry trajectory, the
maneuver plan, onboard software parameters anatompeprocedures are generated. The inputs
for reentry planning are different from those aidezvous planning. Each input item is
explained as below.



ISS ephemeris: ISS mission operation team provitlesISS orbit for the HTV
release. It is used for reentry trajectory planning

Departure date/time from ISS: ISS program and mmsgperation team request
data/time of the HTV departure

Reentry location on the south pacific ocean: Rgeotration needs to be within the
safe region allowed by Japanese government angdetauntries

HTV mass property at ISS departure: ISS missiorraijmsn team (responsible to
manage disposal cargo) and HTV system integraiamtprovide the data
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Figure 3. Pre-flight Planning Process for Rendezvous
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2.2 Rendezvous Trajectory Planning

Rendezvous trajectory planning is categorized tophases.

1) Far-field rendezvous phase (launch ~ approx. 20@nge from ISS)
2) Proximity rendezvous phase (approx. 200km ranfgerthing on ISS)

The proximity rendezvous trajectory is fixed andmat be varied for each flight due to the
reasons for safe trajectory assurance to ISS amslstency of integrated proximity operation
involving ISS crew, Houston and Tsukuba operateamts. Therefore, the far-field rendezvous
trajectory is adjusted and optimized for each tlighsatisfy trajectory planning constraints.

As explained in the previous section, the rendeg\vmjectory is generated to satisfy the
following constraints; ISS orbit, Arrival date/tinag ISS, Flight duration, and Launch day. Since
on-time arrival at ISS is the highest priority @rimonize with ongoing ISS crew activities, the
rendezvous trajectory needs to be managed undeptitition of the other constraints. The
basic method to realize on-time arrival is to deiee the appropriate phase adjusting orbit. The
phase distance of the HTV relative to the ISS @addrreased by the difference of orbital rate.
The initial phase distance is determined from tA&/Haunch day/time and the ISS orbit at the
launch time. The initial phase distance is mandgdxk zero at the time of ISS arrival. There are
two periods for the phase distance managemenhéoHTV rendezvous trajectory. The majority
of phase distance is reduced during the first phameagement period. Figure 5 shows the
rendezvous trajectory plan for HTV3. It indicaths telative position of the HTV with respect to
the ISS (Hill's coordinates). The most phase distas reduced while the HTV is flying 120km-
160km below the ISS. During the second period afsphdistance management, the HTV is
flying 40km below the ISS, and phase distance isempoecisely managed to achieve on-time
flight.
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Figure 5. Rendezvous Trajectory Plan for HTV3

Discussing the actual rendezvous trajectory plaprtire input conditions used for planning
can be frequently changed. For example, the IS midy change due to the debris avoidance
maneuver, the arrival date/time on ISS may changeta re-schedule of the ISS crew activities,
and launch day may slip due to weather conditiotherdaunch site. The rendezvous trajectory
planning is required to handle these changes. Thrthe experiences of rendezvous trajectory
planning to handle such a significant conditionrdefor the HTV1, HTV2 and HTV3, the
capability of planning is improved. Figure 6 and.H are the actual outputs of rendezvous



trajectory planning for the HTV2. For the HTV2 catee launch was slipped by two days due to
weather condition. Since it was decided to keeps#me arrival day/time on the ISS even in the
case of launch slip, the rendezvous trajectorynegdanned to realize the same arrival day/time.
As comparing between Fig. 6 and Fig. 7, the laifferénce of altitude is shown during the
phase distance management period. The phase tatednethe ISS and the HTV was decreased
by increasing the altitude. For the case of rendeg\rajectory before launch slip (Fig. 6), the
HTV passes below the ISS twice and more than 72ptHage angle is managed with large
difference of altitude between the ISS and the HD¥.the other hand, for the case of
rendezvous trajectory after launch slip (Fig. i§ inanaged phase angle is less than 360deg with
small difference of altitude between the ISS ardHV, because the flight duration is
shortened from 7days to 5days.

Based on the accumulated knowledge through the HRAVYY2, and HTV3 mission
operation, the capability is obtained to conduetrégndezvous trajectory planning in a timely
and flexible manner.
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Figure 8 and Fig. 9 illustrate the proximity rendeus trajectory. The trajectory is defined in
Hill's coordinates, and fixed for all mission flitgh In order to ensure the ISS safety from the
collision risk, the proximity rendezvous trajectasyrequired to meet the safety requirements. In
case of emergency on the HTV, rendezvous flightia¢e be terminated and abort is conducted.
The trajectory after abort shall be safe to the §&cifically, the drift trajectory (i.e. without
control) after abort shall not violate the specifregion around the ISS (4km x 2km ellipsoid)
during 24 hours. The proximity rendezvous trajecterdetermined to meet the safety
requirement. The number, interval and target locatif maneuvers are fixed, and each
maneuver is conducted to follow the specified pmogi rendezvous trajectory.
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Figure 8. Proximity rendezvoustrajectory (up to 5km range from 1SS)
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Figure 9. Proximity rendezvoustrajectory (lessthan 5km range)

2.3 Reentry Trajectory Planning

To ensure safe reentry to the earth, the restratted is allowed on the south pacific ocean
for the splashdown of destruct vehicle. Reentrjgttary is planned not to violate the restricted
area. Figure 10 shows the overview of reentry ¢ctajg and the restricted area for splashdown of
destruct vehicle. The earth trace is generatedyubmtelemetry data from the HTV, and the
trace disappears before the splashdown area duweadk of communication link. However, it is
confirmed that the destruct vehicle stays withia tbstricted area by analysis of destructive
reentry.
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Reentry trajectory is generated from the inputkS& ephemeris, departure date/time from
ISS and the reentry location on the south paciteam. Since the earth trace of the HTV after
departure from the ISS depends on ISS ephemeridegatture date/time, the HTV waits for the
appropriate timing for the earth trace of the HB\toss over the reentry location on the south
pacific ocean, staying on the orbit 5km below t88.I Therefore, the reentry time is varied up to
2days after departure from the ISS. The reenttii@cearth is conducted by three de-orbit
maneuvers due to restriction of burn duration Bwhemaneuver. The altitude of perigee is
equally decreased to the reentry altitude withettte-orbit maneuvers. Figure 11 illustrates the
reentry trajectory plan for the HTV3. For this catbe reentry is performed after one and a half
days from the ISS departure.
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2.4 Deter mination of Mission Specific Parameters

One of major flight planning activities is deterraiion of mission specific parameters and
validation test. For every flight, the HTV mass peay varies due to difference of delivery and
disposal cargo, and rendezvous and reentry trajetalifferent depending on the ISS orbit,
arrival/departure day and time, and launch dayrtler to provide flexible service of cargo
delivery/disposal and to maximize flight opportigst the HTV flight system is developed to
accommodate large differences. Safe and reliaigllet fis realized by loading appropriate
parameters into the onboard software.

The mission specific parameters are summarizediiell. There are two categories for
mission parameters; one is related to trajectodytha other is related to control. Also, there are
three sets for the trajectory parameters; rendeztrajectory, proximity operation trajectory and
departure/reentry trajectory.

Tablel. List of Mission Specific Parameters

Rendezvous Trajectory * Arrival time to proximity operation interface point
parameters * Arrival location to proximity operation interface point
* Interval revolutions between maneuvers
(note) Maneuver delta-V and ignition time is automatically calculated.
Proximity Operation ¢ Pre-defined relative location to ISS for each maneuver
Trajectory parameters ¢ Interval revolutions between maneuvers
* Arrival time at Approach Initiation point (5km aft ISS)

 Departure time from Approach Initiation point (5km aft ISS)
(note) Maneuver delta-V and ignition time is automatically calculated.

Departure and Reentry e Departure maneuvers delta-V and ignition time relative to release
Trajectory parameters  Reentry orbit angle at reentry interface point
¢ De-orbit maneuver sequence initialization time
(note) Reentry interface point is defined as altitude and latitude. Reentry
maneuver delta-V and ignition time is automatically calculated.

Control parameters e Attitude controller gains
* Modulators for thruster control
¢ Translational controller gains
(note) Parameters are updated before proximity operation and release from
ISS to accommodate variation of mass property.

2.4.1 Rendezvoustrajectory parameters
Onboard software is capable to automatically cateuthe maneuver delta-V and ignition

time and manage the timeline sequence for manexesution. During the actual flight
operation, the ground team confirms the onboardeamaegr solution comparing with the planned
solution, and send Go command to continue the aatioomaneuver sequence. As far as the
rendezvous flight continues nominally, the groueah can concentrate on monitoring the
automatic maneuver execution, and workload of gidayreration can be reduced. Following
parameters are required for the automatic onbaarckibn.

- Arrival time to proximity operation interface point

- Arrival location to proximity operation interfac®ipt
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- Interval revolutions between maneuvers
These parameters are generated as the resultsdaiznus trajectory planning process, and
uploaded to the onboard software prior to launch.

2.4.2 Proximity operation trajectory parameters

Onboard software is capable to automatically cateuthe maneuver delta-V and ignition
time and manage the timeline sequence for manexesution. Proximity operation trajectory
is fixed and there is no difference between fligManeuver calculation is straightforward based
on CW(Clohessy-Wiltshire) equation. The ground teammfirms that the onboard maneuver
solution is within the allowable variation rangedasend Go command to continue the automatic
maneuver sequence. Following parameters are rebfarehe automatic onboard function.

- Pre-defined relative location to the ISS for ea@nesuver

- Interval revolutions between maneuvers

- Arrival time at Approach Initiation point (5km af%S)

- Departure time from Approach Initiation point (5kaft ISS)

Regarding the first two items, the same parametersised for each flight to realize the same
safe trajectory. Since the proximity operationgcapry is the same for all the flights, the
operation timeline can be the same for all missiperation. It is beneficial that the ground
operation team can improve the skill and operagificiency based on lessons learned from the
previous flights.

The last two items are the actual onboard softwarameters corresponding with arrival
date/time on the ISS.

2.4.3 Departure and Reentry trajectory parameters
As for departure trajectory from release by theotms arm to the reentry preparation orbit
5km below ISS, the delta-V and ignition time formeavers are fixed and related parameters are
uploaded from the ground. For reentry trajectonhaard software is capable to automatically
calculate the maneuver delta-V and ignition timé aranage the timeline sequence for
maneuver execution. In order to satisfy safety irequent of the reentry trajectory, the trajectory
needs to be generated to ensure the splashdovaswiict vehicle on the restricted area. It is
managed by setting reentry interface point and 8tae of de-orbit maneuver sequence. Reentry
interface point defines the altitude and latitufléhe reentry trajectory, and start time of de-brbi
maneuver sequence determines the appropriatepagstcrossing over the restricted splashdown
area. During the actual flight operation, the grebteam confirms the onboard maneuver
solution comparing with the planned solution angds&o command to continue the automatic
maneuver sequence. Following parameters are regjiarehe automatic onboard function.
- Departure maneuvers delta-V and ignition time retatio release
- Reentry orbit angle at reentry interface point
- De-orbit maneuver sequence initialization time
These parameters are generated as the resultpartule and reentry trajectory planning
process, and uploaded to the onboard software forideparture from ISS.

2.4.4 Control parameters

Control parameters are determined based on the iHa36 property for each mission. Also,
considering the change of mass property due togtleop consumption and delivery/disposal
cargo difference, control parameters are determimethree flight phases. They are far-
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rendezvous, proximity rendezvous and departuretingéight phases and uploaded to the
onboard software before launch, start of proxirjpgration and ISS departure, respectively.
Table 2 indicates the mass property at launch &8ddeparture for the HTV1, HTV2 and HTV3.
It can be known that there is large difference akmproperty for flight phases and individual
flights. Control parameters include the followitigms.

- Attitude controller gains

- Modulators for thruster control

- Translational controller gains

Since these parameters are fundamental to stadgte, Bufficient validation tests are

performed before they are uploaded to the onbazftd/are.

Table 2. Difference of massproperty at launch and I SS departurefor each flight

I N L

Totalmass at launch JIIe[o/o} ¥ 16000 kg 15400 kg

\ el Ao AR ERETE  Ixx: 36900 kgm? Ixx: 36000 kgm? Ixx: 33000 kgm?
launch lyy: 168000 kgm?  Ilyy: 155000 kgm?  lyy: 151000 kgm?
Izz: 168000 kgm?  1zz:152000 kgm?  Izz: 150000 kgm?

Total mass at ISS 12400 kg 13000 kg 12700 kg
departure

\el e M GHE T Ixx: 32200 kgm? Ixx: 30700 kgm? Ixx: 28900 kgm?
ISS departure lyy: 138000 kgm?  lyy: 128000 kgm?  lyy: 124000 kgm?
Izz: 138000 kgm? Izz: 128000 kgm?  Izz: 123000 kgm?

2.4.5 Validation test for the mission specific parameters

Validation test is conducted before the launchthedSS departure. The actual mission
flight is simulated by the flight equivalent softieasimulator, and the performance is
guantitatively evaluated to verify the parametéiso, the robustness is confirmed considering
any uncertainties like estimation error of masprty, performance variation of sensors and
thrusters. In addition to the nominal flight teases, off-nominal test cases are conducted to
confirm the correct behavior to failures. It taleggproximate one month for the validation test
before launch, and half a month before ISS deparegarding the validation test before the
ISS departure, the mass property at ISS deparaur@at be finalized at the time of half a month
before the ISS departure, since disposal cargointagase depending on the situation of
ongoing ISS mission operation. To resolve the stnathe control parameters are validated to
allow some increase of disposal cargo. This apreaatributes to the disposal management of
the ISS, where storage volume is limited.

Figure 12 through 15 show the results of validatest and actual flight data for the HTV2.
The validation test results are compared with ttaa flight data, and it can be seen that they
match very well. Figure 12 and Fig. 13 are thegtdtpitch attitude time-history from Al(5km
point) departure to R-bar injection. Figure 14 &gl 15 are the plots of R-bar approach
trajectory in XZ Hill's frame. From these plotscién be said that the actual flight performance is
sufficiently evaluated using the flight equivalsoftware simulator for the validation.
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3. Real-time Trajectory Operation

The major tasks of real-time trajectory operatiom B Trajectory monitoring and 2)
Maneuver plan update. Trajectory is always monda@ed detailed evaluation is conducted after
each maneuver execution to ensure on-time arrivhleaSS, safe trajectory to the ISS and safe
reentry to the earth. The trajectory is confirmedailow the planned trajectory in real-time basis,
and in case of unacceptable deviation from ther@drrajectory, corrective action is taken
promptly. The maneuver plan is periodically upddiaded on the current state of the HTV and
the ISS trajectory. The updated maneuver plan eamsbd to evaluate the future trajectory, and
it is used as the reference data for evaluatianbbard calculation results for maneuvers.

Since the relative orbital motion between the I88 the HTV is important for safe
rendezvous operation and the same situation anesen@ecessary between both of the ISS and
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the HTV operation teams to ensure safe flight fthmework of HTV/ISS integrated trajectory
operation is established.

The schematic figure of HTV/ISS integrated operat®shown in Fig. 16. The HTV
operation team is located at Tsukuba Space Centlpan and the ISS operation team is located
at Johnson Space Center in Houston. The real-Blemetry data is shared for both teams and
voice communication is available to exchange afgrimation.
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Figure 16. Schematic of HTV/ISS Integrated Operation

Figure 17 illustrates the typical real-time tragggtoperation for maneuver execution. This
kind of voice and data exchange is conducted betweeHTV and the ISS operation teams for
every maneuver. Though the automatic maneuver érecsequence is implemented to onboard
software to reduce the ground operation worklo&a, ‘command is required from the ground
for maneuver execution and the ground teams maleeddcision based on the trajectory
evaluation results, since the ground team is resplanfor the safe rendezvous flight to the
manned ISS. When making a decision, it is importanboth teams to have the same
understanding on the trajectory situation. Aftemewa/er completion, trajectory is evaluated as
soon as possible whether the resulted trajectaayg esxpected to the planned trajectory, and the
post-maneuver trajectory state vector of the HT%eist to the ISS operation team for the
purpose of updating TDRS communication link schedilaneuver plan is updated after every
maneuver in order to manage the trajectory precigaien if there is small deviation from the
planned maneuver, it is confirmed that the futuagettory can be recovered by adjusting the
next maneuvers as the result of maneuver plan eplddhere is large deviation that can not be
recovered by the following planned maneuvers, piassible to introduce a correcting maneuver
as contingency operation. From the experiencelsreetHTV flights, the performance of
HTV/ISS integrated operation is improved and bgikration teams have enough confidence to
ensure on-time and safe flight for the subsequéit hhissions.
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HTV operation side (Tsukuba) ISS operation side (Houston)

Confirming onboard maneuver
delta-V solution
Trajectory evaluation
incorporating onboard maneuver

Trajectory evaluation -I Voice exchange delta-V solution
Maneuver Go/NoGo decision

Maneuver Go/NoGo decision
Voice exchange
Monitoring maneuver burn
progress
Post-maneuver Trajectory
Trajectory evaluation after evaluation
maneuver completion Voice exchange

Generating post-maneuver TDRS communication link

trajectory state vector -Data delivery schedule update
Maneuver plan update

Awareness of updated maneuver plan
Data delivery P P

Go to next maneuver

Figure17. HTV/ISSIntegrated Real-time Trajectory Operation for Maneuver Execution

4. Conclusion

In this paper, the HTV flight planning activitiesdtrajectory operation aspect are presented
based on the actual experiences obtained by sdiccghts of the HTV1, HTV2 and HTV3.
Clearly, the flight planning is basis of safe fligtnd mission success, and it is a great
opportunity to improve the capability of flight pliaing for rendezvous mission through the
international partnership for the ISS mission opena Even though three HTV flights were
successfully completed, there were specific diffies to conduct the flight planning activities
for each flight. Especially, day-by-day changeld tSS status imposes many difficulties on the
HTV flight planning. For example, the conditiontbe ISS orbit was degraded for the HTV
flight due to precedence to the Space Shuttle aydzvehicle considering importance of
manned flights, and any ISS orbit change had todbsidered for flight planning caused by
potential debris avoidance maneuver of the ISSoddin those experiences and lessons learned,
our capability of flight planning is improved iregt-by-step manner, and we would continue the
contribution to the ISS mission operation by prawidcargo delivery/disposal service on time
and safely with the frame of international parthg@sMoreover, it is believed that the acquired
knowledge of the HTV flight planning activities widibe the basis for the future challenging
rendezvous/reentry vehicle.
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