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IMPORTANT NOTICE 
 
Texas Instruments Incorporated and / or its subsidiaries (TI) reserve the right to make corrections, 
modifications, enhancements, improvements, and other changes to its products, software and ser-
vices at any time and to discontinue any product, software or service without notice. Customers should 
obtain the latest relevant information during product design and before placing orders and should ver-
ify that such information is current and complete. 
 
All products are sold subject to TI’s terms and conditions of sale supplied at the time of order ac-
knowledgment. TI warrants performance of its hardware products to the specifications applicable at 
the time of sale in accordance with TI’s standard warranty. Testing and other quality control tech-
niques are used to the extent TI deems necessary to support this warranty. Except where mandated 
by government requirements, testing of all parameters of each product is not necessarily performed. 
 
TI assumes no liability for applications assistance or customer product design. Customers are respon-
sible for their products and applications using TI products, software and / or services. To minimize the 
risks associated with customer products and applications, customers should provide adequate design, 
testing and operating safeguards. 
 
Any access to and / or use of TI software described in this document is subject to Customers entering 
into formal license agreements and payment of associated license fees. TI software may solely be 
used and / or copied subject to and strictly in accordance with all the terms of such license agree-
ments. 
 
Customers acknowledge and agree that TI products and / or software may be based on or implement 
industry recognized standards and that certain third parties may claim intellectual property rights 
therein. The supply of products and / or the licensing of software do not convey a license from TI to 
any third party intellectual property rights and TI expressly disclaims liability for infringement of third 
party intellectual property rights. 
 
TI does not warrant or represent that any license, either express or implied, is granted under any TI 
patent right, copyright, mask work right, or other TI intellectual property right relating to any combina-
tion, machine, or process in which TI products, software or services are used. 
 
Information published by TI regarding third–party products, software or services does not constitute a 
license from TI to use such products, software or services or a warranty, endorsement thereof or 
statement regarding their availability. Use of such information, products, software or services may 
require a license from a third party under the patents or other intellectual property of the third party, or 
a license from TI under the patents or other intellectual property of TI. 
 
No part of this document may be reproduced or transmitted in any form or by any means, electronic or 
mechanical, including photocopying and recording, for any purpose without the express written per-
mission of TI. 
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1 Introduction 
 This document is an overview about the Ambient Noise Reduction (ANR) algorithm. This 
document applies to ANR 2.0 and next upgrades ANR 2.x. A first part presents the ANR problem gen-
erally speaking, its issues and its rules in the GSM audio processing chain. A second part is dedicated 
to the ANR 2.0 [2] and ANR 2.13 [3] signal processing constraints, the algorithm strategy adopted its 
main advantages. 

2 The Ambient Noise Problem 
 Audio quality is still one of the most important parameter that the end-user evaluates in a mo-

bile phone. It is then very important to provide audio algorithm which can improve this quality. 
 

 When the mobile phone operates in a noisy acoustic environment or when cheap components 
are used that generate internal noise, the speech intelligibility is damaged and the conversation be-
tween the far end and the near end speakers becomes unpleasant. In addition, a low Signal to Noise 
Ratio (SNR) context is unfavorable to the vocoder and speech recognition tasks and thus degrades 
the overall performances of the handset. 

 
 In the aim to increase the SNR, an ambient noise reduction signal processing algorithm is 

necessary to remove the undesirable noise part of the handset downlink signal as much as of the ter-
minal uplink signal.  

3 The ANR Signal Processing Strategy 
Several constraints are rising on the choice of the ANR algorithm [1]. First, noise rejection 

must be completed on the downlink and the uplink noise corrupted signal without introducing any un-
desirable artifacts or speech distortion. Second, due to the mobile phone context, not any noise refer-
ence signal is available because only one microphone is used on each side of the communication. 
Third, the real time constraints and the limited power computation and consumption inherent in the 
embedded digital signal processor of the mobile phone imply to resort to low complexity algorithms. 

3.1 ANR 2.0 Signal Processing Strategy 
 In consideration of the aforementioned constraints, the signal processing strategy adopted to 
implement the ANR 2.0 module rely on a Time Domain Attenuation (TDA) acting in synergy with a 
spectral subtraction technique.  
 
 The functional scheme is the following: the ANR 2.0 input signal frames are computed in the 
frequency domain using the Fast Fourier Transform (FFT) algorithm. The corresponding spectrum 
frames are subtracted with the last estimated noise spectrum frames. The subtraction result is trans-
formed in the time domain using the inverse FFT (iFFT) algorithm which delivers the ANR output sig-
nal. The last signal processing step is achieved with the TDA which attenuates the out coming signal 
using a variable gain depending on the VAD decisions (Figure 3-1). 
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Figure 3-1  The ANR 2.0 Block Diagram 
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 Such a signal processing strategy presents the advantages to remove the noise during the 
speech occurrences in the corrupted signal with few distortions and without the need of a noise refer-
ence signal. Thus far, the implemented algorithms have a reasonable overall complexity.  
 
 The main drawback of the TDA coupled with the spectral subtraction technique is the need for 
a Voice Activity Detector (VAD) which increases the algorithm complexity. The VAD rule consists in 
discerning between the speech frames and the noise frames for the noise estimation (NES) and for 
the TDA gain controlling. Consequently, the ANR performances are in a great dependency with the 
VAD decision errors. 
 

 In the ANR 2.0, the use of a TDA driven by the VAD decisions lead to sudden attenuation ap-
plication on the signal. This generates audible noise and speech fluctuation. In low SNR situation, this 
can be very annoying.  

 
 Secondly, the ANR 2.0 reveals to be sensitive to some Full-Type Agreement (FTA) tests sig-

nal preventing to pass successfully the releases 99 and 4 sending distortion test. 
 
 To correct these two issues, the ANR 2.0 was upgraded to ANR 2.1. 

3.2 The ANR 2.1 Signal Processing Strategy 
 In the ANR 2.1, the TDA has been removed and the internal frequency domain VAD has been 

replaced by an external time-domain VAD 1.x. In addition, a tone detector has been added. Its aim is 
to detect pure test tones and to let them pass through the ANR 2.1 for FTA tests. This gives the func-
tional scheme as presented below (Figure 3-2). 
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Figure 3-2  The ANR 2.1 Block Diagram 
 
 The TDA will no more leads to strong non-linear artifact.  
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Appendices 

A. Acronyms 

ANR Ambient Noise Rejection / Reduction 

GSM Global System for Mobile 

SNR Signal to Noise Ratio 

FFT Fast Fourier Transform 

iFFT Inverse Fast Fourier Transform 

VAD Voice Activity Detector / Detection 

NES Noise Estimator / Estimation 

TDA Time Domain Attenuation 

FTA Full Type Agreement 

 

B. Glossary 
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