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Foreword 

The role of the Radiocommunication Sector is to ensure the rational, equitable, efficient and economical use of the radio-

frequency spectrum by all radiocommunication services, including satellite services, and carry out studies without limit 

of frequency range on the basis of which Recommendations are adopted. 

The regulatory and policy functions of the Radiocommunication Sector are performed by World and Regional 

Radiocommunication Conferences and Radiocommunication Assemblies supported by Study Groups. 

Policy on Intellectual Property Right (IPR) 

ITU-R policy on IPR is described in the Common Patent Policy for ITU-T/ITU-R/ISO/IEC referenced in Annex 1 of 

Resolution ITU-R 1. Forms to be used for the submission of patent statements and licensing declarations by patent holders 

are available from http://www.itu.int/ITU-R/go/patents/en where the Guidelines for Implementation of the Common 

Patent Policy for ITU-T/ITU-R/ISO/IEC and the ITU-R patent information database can also be found.  

 

 

Series of ITU-R Recommendations  

(Also available online at http://www.itu.int/publ/R-REC/en) 

Series Title 

BO Satellite delivery 

BR Recording for production, archival and play-out; film for television 

BS Broadcasting service (sound) 

BT Broadcasting service (television) 

F Fixed service 

M Mobile, radiodetermination, amateur and related satellite services 

P Radiowave propagation 

RA Radio astronomy 

RS Remote sensing systems 

S Fixed-satellite service 

SA Space applications and meteorology 

SF Frequency sharing and coordination between fixed-satellite and fixed service systems 

SM Spectrum management 

SNG Satellite news gathering 

TF Time signals and frequency standards emissions 

V Vocabulary and related subjects 

 

 

Note: This ITU-R Recommendation was approved in English under the procedure detailed in Resolution ITU-R 1. 
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 Rec.  ITU-R  SM.2117-0 1 

RECOMMENDATION  ITU-R  SM.2117-0 

Data format definition for exchanging stored I/Q data for  

the purpose of spectrum monitoring 

(2018) 

Scope 

This Recommendation defines a harmonized file format for exchanging stored In-phase and Quadrature 

components (I/Q) data.  

Keywords 

I/Q data, I/Q modulation, joint working, data exchange 

Abbreviations/Glossary  

HDF5  Hierarchical data format version 5 

I/Q  In-phase and quadrature components 

LPF  Low pass filter  

TDOA  Time difference of arrival 

UTF-8  Unicode transformation format 8-bit 

The ITU Radiocommunication Assembly, 

considering 

a) that in-phase and quadrature components (I/Q) data files have a widespread and manifold use 

in many RF applications; 

b) that I/Q data files may be device and manufacturer specific; 

c) that the exchange of I/Q data files can be facilitated by a harmonized, easily accessible file 

format; 

d) that stored I/Q data files offer a high degree of flexibility and may support many applications 

in the work of monitoring services; 

e) that stored I/Q data files enable a reproducible reconstruction of a signal with either a signal 

generator or an analyser; 

f) the usefulness of I/Q data files is increased by a device and manufacturer independent file 

format, 

recommends 

1 that devices and software applications supporting the use of I/Q data files offer a suitable 

conversion method from the original I/Q data format to the common format defined in Annex 1; 

2 that the format defined in Annex 1 should be used to exchange I/Q data for RF monitoring 

applications. 
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2 Rec.  ITU-R  SM.2117-0 

Annex 1 

 

Data format definition for exchanging stored I/Q data 

for the purpose of spectrum monitoring 

1 General aspects 

This annex provides the definition of a data format for exchanging stored I/Q data for radio 

monitoring purposes. 

The data format provides: 

– an easily understandable and implementable file format for I/Q data; 

– a minimum set of characteristics to describe the data contained in the file;  

– a data description suited for the exchange, analysis, and generation of signals on a spectrum 

analyser or for replay on a signal generator. 

2 Description of I/Q data 

2.1 Basics of I/Q data 

The term I/Q data as used in the scope of this Recommendation describes a discrete time series of a 

complex valued baseband signal. With additional information like amplitude scaling and RF carrier 

frequency, a corresponding RF signal can be described. 

In general, I/Q data describes a complex baseband signal b(t) which can be transformed to or can be 

derived from a corresponding real valued RF signal x(t). The “in-phase” component or real part of 

b(t) is called i(t). The “out-of-phase” component or imaginary part of b(t) is called q(t). 

Thus, the corresponding RF signal x(t) can be expressed as: 

  𝑥(𝑡) = 𝑖(𝑡) ⋅ √2 ∙ cos(2π𝑓0𝑡) − 𝑞(𝑡) ∙ √2 ∙ sin⁡(2π𝑓0𝑡) (1) 

It is evident that equation (1) can be used directly in a generator to synthesize the corresponding RF 

signal using i(t) and q(t) centred at a carrier frequency 𝑓0.  

To obtain the corresponding complex baseband signal from a RF signal centred at a carrier frequency 

𝑓0, equation (2) would be implemented in an ideal analyser. The symbol ‘𝑗’ indicates the imaginary 

component and is equal to the square root of minus one. The symbol ‘∗’ indicates the convolution 

operation. The impulse response ℎ(τ) defines a low pass filter (LPF) with a gain of one inside its pass 

band. The filtering with a LPF is necessary to attenuate signal components centred at twice the carrier 

frequency. The passband of the LPF must be selected wide enough to cover the bandwidth of the 

corresponding RF signal. 

  𝑏(𝑡) = 𝑖(𝑡) + j ∙ 𝑞(𝑡) = 𝑥(𝑡) ∙ √2 ∙ 𝑒−j∙2π𝑓0𝑡 ∗ ℎ(τ) (2) 

Usually, 𝑓0 is chosen in such way that 𝑓0 is equal to or greater than half the bandwidth of the 

corresponding RF signal. If a smaller value is chosen for 𝑓0 aliasing is not avoidable. Equation (2) is 

sketched in Fig. 1. Baseband I/Q data 𝑖(𝑡) + 𝑗𝑞(𝑡) are obtained from an RF signal 𝑥(𝑡) by the use of 

a quadrature detector (Fig. 1), where the real part 𝑖(𝑡) and the imaginary part 𝑞(𝑡) are expressed by 

the in-phase component and the quadrature component, respectively. 
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