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The ATV is the result of a combined effort from
about thirty companies from ten European countries,
as well as eight other companies from Russia and
the United States.

The automated guidance system is based on the two
ATV GPSA receivers in hot redundancy developed
and manufactured by Thales Alenia Space ltalia,
Milan plant.

RECEIVER ARCHITECTURE

The ATV GPSA Receiver consists of three basic
Unit: The Receiver Processing Unit (RPU), the
Radio Frequency Front End (RFFE) and the
Antenna.

Figure 1 — ATV ¥

This spacecraft was developed under ESA contra@NTENNA UNIT

by a European industrial consortium and can carry

7.7 tonnes of cargo up to 400 km above Earth (s€khe GPS Antenna is manufactured by RYMSA

figure 2): it navigates to the rendezvous withi®8 Company (Spain) and it processes the GPS L1
guided by an automatic high precision navigatiorsignal: it is formed by four parts:

system and finally it docks to the Station’s Russia. The radiator: it's a patch structure with a

service module (Zvezda). circular shape fed by probes in four different

points with signals of equal amplitude and a

phase shift of 90° between adjacent inputs (to
obtain circular polarisation)

The back structure of the patch is pyramidal

After the docking the ATV remains attached to the
ISS and becomes an integral part of it for abaut si
months: during this period of time its main taskas

boost the ISS into a higher orbit at regular irdésv
to overcome the drag effects, in order to compensat
the loss of altitude of the ISS that can reachaup t
hundreds of metres a day.

Figure 2 — ATV internal room

At the end of its operative life, the final missioh
the ATV is a destructive re-entry into the Earth's
atmosphere during which it breaks up and burns,
together with up to 6.4 tonnes of material thatas
longer used on the Station.

with a cavity surrounding the patch radiator and
one axial choke ring at the back of the cavity (to
reduce the back radiation maintaining the
copolar front gain within the required values)

The feeding network has two different parts:
microstrip circuit composed by an hybrid
coupler and two dividers to provide in four
points an equal amplitude and 0°, 90°, 180° and
270° phase, and coaxial lines which connect the
feeding with the patch probes.

The radome is used to protect the patch radiator
from the space environment and to regulate the
thermal behaviour of the antenna as well as the
white paint over the pyramidal structure.

Antenna dimensions are 177 mm diameter *84 mm
height and the weight is less than 525 g.



microprocessor section that performs the following
functions:
- Chip shift control and code selection for the
Code Tracking loops
Frequency shift control of a Numeric
Controlled oscillator for the Carrier Tracking
loop
Tracking Filter within the Carrier Tracking
loops.
A MIL-STD-1553B channel is foreseen to allow for
off-board serial communication.
Box dimensions are 275*80*175 mm (L*W*H) and

Figure 3 — Antenna Unit (RYMSA Courtesy) the weight is less than 2.6 kg.
The RPU consists of three sections:

RFFE UNIT ]
RF/IF section

Digital section

The task of this Unit is to filter the RF signal DC power supply section.

coming from the Antenna and then to amplify it in
order to feed the RF section of the RPU box. Thig LS S
subassembly is manufactured in TAS-l plant o
L’Aquila and here below its main specification are
listed:

- Centre Frequency 1575.42 MHz
- Bandwidth (-3 dB) <55 MHz
- Gain 452 dB

- Noise Figure £2dB

- Power Consumption £0.325W

Box dimensions are 134*50*38 mm (L*W*H) and
the weight is less than 250 g.

Figure 5 - RP Unit
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Figure 4 — RFFE Unit

RP UNIT

The task of this Unit is to process the RF signal

coming_ from the_ RI_:FE in order to compute anchF/”: SECTION ARCHITECTURE

transmit the navigation data to the Core Computer

of the Satellite.

The signal from the antenna is down converted a

then hard-limited to obtain a 4 MHz square-wave. DOWNCONVERTER

This IF signal is then fed to the DSP section which_ ° OCX0 . .

implements the correlator sections of 9 code and® RF/IF provides bias current source for the

carrier tracking loop. These loops are closed angréamplifiers, via RF lines.

controlled by the SW embedded in theThe Downconverter provides filtering and down-
conversion to 4 MHz IF. Most of the functions are

Figure 6 — ATV GPSA Functional Architecture

n'ahe RF/IF section consists of:



implemented by means of bipolar ASIC (Viking).
The Local Oscillator is an ASIC internal phase lock
loop, locking an internal VCO to the external
OCXO master oscillator signal.

Figure 8 — Digital Section Architecture

POWER SUPPLY SECTION ARCHITECTURE

The DCD/DC board is in charge to convert the
Figure 7 - RF/IF Block Diagram incoming 28 V into the below voltages and
distribute them to the relative power chains:
DIGITAL SECTION ARCHITECTURE
5V & 3.6V & 15V -> Digital section
The main elements of the Digital Section are: . 6.5V -> RF/IF Section
12V -> OCXO
CMOS ASIC named GAUSS
IBM microprocessor RAD 6000 operating atFL|GHT RESULTS
20 MHz
PROM bank

In the frame of the Jules Verne mission, during
SRAM bank.

phasing the ATV navigation was performed by
: _ ATV Control Centre (ATV-CC): it determined the
The GAUSS ASIC implements the signalgaeliite orbit using the GPSA measurements and

processing part of a GPS receiver. The ASIC is iRomn ted orbital manoeuvres to bring ATV to the

charge of tracking the C/A (Coarse Acquisition)engezyous interface point. Nominally ATV-CC

code and carrier phase of a GPS satellite. determines ATV orbit using GPS raw measurements

The device interfaces the RAD 6000 miCrOproceSS%seudo-ranges) however GPS PVt measurements
which control all the tracking channels and perferm,aineq directly out of the instrument itself, can
the tracking functions and measures the observ.ablec.'aSO be used for determining ATV orbit.

Memory control, Interrupt Control and I/O contrsl i =, the absolute GPS performance ATV-CC
also performed by the GAUSS using Interna'Eollected GPS raw and PVT measurements during
interfaces. . . one specific quiet (no orbital manoeuvres) peribd o
For off-board serial communications, a M”-'STD'minimum of 2 orbits. Using these measurements,

é5535 chanr;el is foreseekr)l. g ATV-CC computed 2 independent ATV orbits:
: )t/ Teanstﬁ aGn;‘fJ”S‘%ry “US ar][h a(r:aneLrJnc?[ry contro one using ATV GPS raw measurements
interface, the allows the 0 access (pseudo-ranges)

SRAM qnd ROM dewcgs. : : one using ATV GPS PVT data

The signal processing logic receives th :

Intermediate Frequency signal (IF) from the RF par he measurements were processed with both
alman filter and Least Mean Square methods.

of the receiver. The IF signal is the incoming : . :

. : Each orbit was self verified for consistency ast par
satellite signal to be correlated and tracked gy th . . P

of standard orbit determination verification, e.g.
GAUSS. . : .
analysis of measurements residuals, analysis of

covariance. This allowed getting a confidence level
in the determined orbit.
The GPS raw measurements based orbit were
compared against the GPS PVT based orbit. The
consistency between overlapping ephemeris was
verified. Ephemeris with overlapping arcs were
computed off line (least mean square method) using



raw measurements. The overlapping arcs of b

bth Case

ephemeris were then compared. These overlappinghumber Criteria Justification
periods of measurements were long enough (at least- See RSS< | ATV-CC OD
one orbit) to compare orbit determination solutiong figure 10 | 250m accuracy
specifications: X,Y, Z
<50m (RSS~86.6m)
ATV PVt accuracy
specification (95%):
3D position error <
174m
Criterion is the linear
sum of ATV-CC OD
and ATV PVt
, . . 3] specifications,
Figure 9 — Orbit overlapping arc improved of 4%,
Finally both ATV-CC determined orbits were 2 — See RSS< | ATV-CC QD
checked against an external ATV orbit ephemerisffgure 11 | 200m accuracy: X, Y, Z
namely the ATV orbit computed by TDRS. ;??/mc(gi%;?;m)
ATV-CC provided 'the results in term of.Root Sum expected accuracy:
Square (RSS) of differences of ephemerities RSS~114m (~65m
Case 1. Difference between ATV ephemeris ?Zirt :r)i(cl)srz is the linear
RSS of X, Y, Z) computed by ATV-
E:C using GPS raw r)neasueementg and ATV sum .O.f ATV'CC. ob
PVT measurements from ATV GP$ specification using
receiver. GPS pseudo range
and expected
Case 2. Difference between ATV ephemeris accuracy of ATVCC
(RSS of X, Y, Z) computed by ATV- OD using GPS PVt.
CC using GPS raw measurements and AT\)?f — See RSS< | ATV-CC QD
ephemeris computed by ATV-CC using'9ure 12 | 500m | accuracy: X, Y, Z
ATV GPS PVT measurements <50m (RSS~86.6m)
GSFC FDF OD
accuracy:
Case 3. Difference between ATV ephemeris X, Y Z,RSS <100 m
(RSS of X, Y, Z) computed by ATV- (1 sigma ~300m at 3
CC using GPS raw measurements and ATV 3'9.”“”?) . .
ephemeris computed by NASA/GSFC using Criterion is t_h_e "r?eaf
TDRS tracking data sum of specifications
of ATV ODs
Case 4. Difference between ephemeris (RSS compqted by ATV-
of X, Y, Z) based on GPS raw CC using GPS
measurements on two different periods over gg?nupduc;;g%%e é‘gg c
the overlapping arcs using TDRSS
The below table shows the compliance criteria fpr trackl_ng data plus a
the Orbit Determination (OD): it is worth saying margin of 123.4m.
that these criteria were set in times of S/A attida | 4~ S€€ | RSS< | ATV-CC OD
The current performances are therefore much beptfgure 13 | 173m | accuracy:
that what was expected from the beginning X, Y, Z <50m
(RSS~86.6m)
Criterion is twice
ATV-CC OD

specification.




ephemeris computed by NASA/GSFC using
TDRS tracking data

Case IV. Difference between ephemerisX|
Y, Z of LVLH) based on GPS raw
measurements on two different periods over
the overlapping arcs

Figure 10 — Case 1: mean +$ 37.28 m?

Figure 14 — Case
Figure 11 — Case 2: mean +€ 12.77 m?

Figure 15 — Case II?
Figure 12 — Case 3: mean +$ 31.89 m?

Figure 16- Case 1l
Figure 13 — Case 4: mean +$ 22.84 m?

ATV-CC also provided plots of differences of
ephemerides (X, Y, Z of LVLH) for information
only ¥:

Case l. Difference between ATV ephemeris
( X, Y, ZofLVLH) computed by ATV-
CC using GPS raw measurements and ATV Figure 17 — Case I\
PVT measurements from ATV GPS
receiver

Case ll. Difference between ATV ephemeris
( X, Y, ZofLVLH) computed by ATV-
CC using GPS raw measurements and ATV
ephemeris computed by ATV-CC using
ATV GPS PVT measurements

Case lll. Difference between ATV ephemeris
( X, Y, ZofLVLH) computed by ATV-
CC using GPS raw measurements and ATV



DESTRUCTIVE REENTRY

On September #9the ATV Jules Verne re-entered

in the Earth atmosphere and completed its mission:
loaded with some tonnes of material no longer
required by the ISS, it separated with the same saf
procedure of the docking and burned up during a
controlled and guided re-entry over the Pacific

Ocean.

Figure 18 — ATV Destructive reentry

Figure 20 — ATV GPSA performance during
reentry (ESA courtesy)

CONCLUSION

The Thales Alenia Space Italia ATV GPSA
Receivers flown on the Jules Verne satellite amd f
the whole mission duration were utilised to guide
and control the European Cargo orbit.

The navigation data post processed at ATV Control
Centre demonstrated that the Receiver performances
where well below the expected requirement.
Moreover the reliability of the Units and their rath
architecture allowed the ATV-CC to monitor the
PVt also during re-entry phase, showing that the

During this phase, after Jules Verne has completefiTy GPSA is a receiver able to work in condition
its re-entry burn and started tumbling, the ATVeven worst than what ATV mission foresaw.

GPSA continued to perform its navigation taskStating the above premises, we can conclude that
Throughout the pitch over tumbling (see figure 18)the ATV GPSA successfully completed its task and
the receiver kept delivering PVt. Referring to figu it is the last success of Thales Alenia Spacealtali
19, it shall be noted that the data drop-outs aee d Tensor Receiver family.

to loss of TM, not loss of receiver tracking.

Figure 19 — ATV Euler rates upon reentry (ESA
courtesy)
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