
Harmony SAR phase synchronization and performance 

validation by using a prototype End – to – End simulator

HARMONY is the 10th Earth Explorer Mission and is currently at the Phase C. The current poster is devoted to the presentation of the prototype E2E simulator, developed by Aresys in the framework of 

HARMONY SAR performance. The main goal of the activity is twofold: (i) to verify and demonstrate compliance with the SAR requirements, and (ii) to verify and validate the L1 Processor for bistatic data. 

Moreover, also many bistatic SARs, also HARMONY suffers from synchronization issues on both phase/frequency and on time. At this purpose, the Multi Squint approach is proposed to implement an 

adaptive slow-time tracking of the USO-driven phase contribution and the promising results are reported.

HARMONY is the 10th Earth Explorer Mission [1][2][3] and is currently at

the Phase C. It is envisaged as a mission with two passive SAR

satellites that orbit in formation with one of the Copernicus Sentinel-1 (S-

1), to address key scientific questions related to ocean, ice and land

dynamics. Two separated Mission phases are foreseen (Fig.1):

 the along track bistatic stereo phase (top), where the two passive

SARs fly ahead and after the S-1 at a large along track distance

(350km is the designed value);

 the across track bistatic phase (bottom), where the two HARMONYs

fly on the same side of S-1, maintaining the along track distance as

in the previous phase, but with, in addition, an across track

displacement of few hundred meters, to allow for interferometric

measurement

The Harmony Breadboard Simulator is based on a flexible and modular software architecture

(Fig.2), composed by the main block:

 IDBS (SAR Instrument Data Breadboard Simulator): in charge of the generation of the

SAR raw data (It simulates the I/Q samples composing the simulated SAR RAW data). It is

based on a “Simulink-like” modular architecture, that brings the capability of simulating both

the illuminator and the Harmony in the different mission phases.

The core algorithm of the SimRAD engine is based on the time-domain simulation

approach, namely for each PRI and for each target provided by the scene generation

computes the radar equation and generates the raw data accordingly. The time-domain

simulation approach removes any modelling simplifications thus providing high fidelity in the

simulation of SAR data.

 L1BP (SAR Level 1 Breadboard Processor): is the set of software blocks that are needed

to generate the L1a and L1b Products including focused data (SLC-IPC and SLC-CPC),

coregistered data (coSLC) and scientific L1 data (USV and COV).

The main components of the L1BP are:

 SARFOC: the focusing tool that implements SAR range and azimuth compression steps,

for both monostatic and bi-static data. SARFOC generates the L1a SLC for Sentinel-1

and for Harmony (SLC from the three separate antenna assembly and also the

corresponding azimuth-recombined ones). Regarding the azimuth compression, for

accurate validation purposes, we use the backprojection.

 USV processor: is the processing block that generates L1 USV products starting from

the input L1a S-1 and Harmony images

Simulated scenario:

 Acquisition Mode: STRIPMAP

 Resolution [rg,az]: 1.782x5m

 Scenario: 1 Point Target

 Simulation length: 3 s
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Mancon et. al. proposed the Multi Squint (MS) method has as a technique for achieving superior

coregistration performance in the challenging context of TOPS mode. Beyond this application,

Tebaldini et al. exploited MS to solve the problem of phase synchronization in bistatic

acquisitions.

The principle is that, in presence of a phase ramp (i.e., a frequency offset ∆f), when comparing

the same pixel from two SLC images focused on the same grid (i.e., coregistered), an azimuth

displacement and a phase term (proportional to the slop of the phase ∆f) will be observed

Fig. 1.Top: Stereo phase; 

bottom: XTI phase.

The current paper is devoted to the presentation of the prototype E2E simulator, composed of (i)

SAR Instrument Data Breadboard Simulator (IDBS), (ii) SAR Level 1 Breadboard Processor

(L1BP) and (ii) Performance Assessment Tool (PAT), developed by Aresys in the framework of

HARMONY SAR performance. The main goal of the activity is twofold: (i) to verify and

demonstrate compliance with the SAR requirements, and (ii) to verify and validate the L1

Processor for bistatic data.

Besides validating the “canonical” SAR performances (e.g., IRF parameters, NESZ, ambiguity to

signal ratio), the prototype E2E simulator is also exploited to validate a possible data-driven

phase synchronization algorithm proposed in the Harmony Phase B2 activities framework. In

fact, like many bistatic SARs, also HARMONY suffers from synchronization issues on both

phase/frequency and on time. The technique we are proposing resorts to the Multi Squint

approach to implement an adaptive slow-time tracking of the USO-driven phase contribution. The

synchronization aims to estimate and compensate it before the single pass interferometric

applications of the across-track bistatic mission’s phase

 The results show that an effective Harmony simulator architecture has been developed to face the challenges coming from the mission.

 Specifically, the main activities focused on the simulation of the L0 and L1 data.

 Moreover, a Multi Squint approach to implement an adaptive slow-time tracking of the USO-driven phase contribution has been presented.

 The preliminary results have shown a great match between the theoretical and the simulated performance.

 MS turned out to be a promising technique to get fine phase synchronization (e.g. as a second step after GNSS-based algorithms)

SARFOC
The SAR focusing Tool

SQT
The SAR Quality Toolbox

S3T
SAR Simulator Setup Tool-kit

Simulation
configuration

Simulation
execution log

S1-L0

S1 Radar 
Data Base

S1-L1a

S1 SLC

L1 
configuration

L1 execution
log

SimRad
The raw data SAR Simulator Tool

S1-RDB

S1 SAR 
raw data

H1-L0
HRM SAR raw
data (3 antenna 
assembly)

HRM Radar 
Data Base

HRM-RDB

H2-L0
H3-L0

HRM SAR IPC

USV proc 
(ATI/DCA)

HRM-USV

COV 
proc

HRM-COV

Coreg.
proc

HRM-CoSLC

HRM-CPC

HRM SAR CPC

HRM-CPC

USV-QT
The USV quality

Tool

ID
B

S
L1

B
P

PA
T

L0

L1a

L1b

PAT 
configuration

USV / SLC 
quality report

H1-IPC
H2-IPC

H3-IPC

scene Conf

 COV processor: is the step that

combines co and cross

polarization of the SLC-CPC to

generate the L1b COV product

 Coreg processor: is the software

used to co-register two or more

CPC images in the case of XTI for

land applications (DEM or

deformation)

 PAT (Performance Assessment

Tool): the set of tools that are used

for assessment of the SAR data

quality and SAR performance

Fig. 2.Harmony Breadboard 

simulator architecture.
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Fig. 3.Simulated results: Raw data (left); RGC data (right).

Fig. 4.Simulated results: SLC 

data and IRF CUT.
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Then, when computing the MS phase, it is proportional to the

slope ∆f of the phase ramp: 𝜙 𝑀𝑆 𝑡 = 𝑡  = 4𝜋Δ𝑓Δ𝑡    
 

Δ𝑓 =
𝜙 𝑀𝑆 𝑡 = 𝑡  

4𝜋Δ𝑡   
 

The idea is to exploit this property even in presence of

smooth time variant phase by estimating the local slope of

the phase and then retrieving the overall phase by an

integration step.

The full SLC image is partitioned along azimuth and, for each block, the MS algorithm is applied.

Hereinafter we report the simulation scenario for a Stripmap case (Tab. 1). The results are

reported in Tab. 2 for different values of interferometric coherence. A sample time series is in Fig.

6.

Fig. 5.Sketch of the geometry 

for MS

Fig. 6.Sample results of residual USO phase estimation for the configuration summarized in tab.1. Left: Simulated phase 

and estimated phase; right: error on estimation.

Coher. Run1 Run2 Run3 Mean Val

1.0 0.41 0.57 0,47 0.48

0.9 0.51 0.51 0.59 0.54

0.8 0.60 0.75 0.66 0.67

0.7 0.70 0.99 0.70 0.80

0.6 1.24 0.81 0.92 0.99

0.5 1.00 1.14 1.04 1.06

Tab.2 . Results as STD of phase error for 

different values of interferometric coherence
Tab.1 . Configuration parameters

Params. Value Remark

Block lenght 0.8 s

Block overlap 95%

Look time distance 0.4 s Equivalent to 800Hz

Look bandwidth 400Hz


