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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. Tl 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-
nigues 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.

Tl assumes no liability for applications assistance or customer product design. Customers are respon-
sible for their products and applications using Tl 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 Tl software described in this document is subject to Customers entering
into formal license agreements and payment of associated license fees. Tl software may solely be
used and / or copied subject to and strictly in accordance with all the terms of such license agree-
ments.

Customer acknowledges and agrees that Tl products and / or software may be based on or imple-
ments industry recognized standards and that certain third party may claim intellectual property rights
therein. The supply of products and / or the licensing of software do not convey a license from Tl to
any third party intellectual property rights and Tl 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 Tl 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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Glossary

API Application Protocol Interface
AEC Acoustic Echo Canceller
VAD Voice Activity Detector
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1 Introduction

The purpose of this document is to describe the Application Protocol Interface (API) of the
Acoustic Echo Canceller (AEC) [1]. This document applies to AEC 2.0 and next upgrades AEC 2.x.

The AEC 2.x uses the Voice Activity Detector (VAD 1.x) as external module operating at 8kHz
(20 ms frame processing).

First chapter describes the API of the AEC 2.x module. A. Appendix is dedicated to the refer-
ence values of AEC 2.x parameters.

2 AEC 2.x Module API
This chapter describes the parameter interface of the AEC 2.x module.
2.1 Entry Functions

2.1.1 Function f_aec_top ()
Prototype:

\void f_aec_top(T_AEC_GLOBAL_VAR *p_gbl var, T_SINT16 d_mode)

Description:

This AEC top level function contains the call of all signal processing functions necessary to
perform the AEC algorithm. The function arguments are presented below (Table 2.1).

Arguments:
Type Name Flow Description
T AEC _GLOBAL VAR | *p_gbl var IN/OUT | Pointer on the AEC module static variables
T SINT16 d_mode IN Freeze on unfreeze coefficients adaptation

Table 2.1 The AEC 2.x Top Function Arguments

The T_AEC_GLOBAL_VAR *p_gbl_var data structure pointer parameter is used to pass the
static variables to the AEC top function as well as through the internal signal processing functions. In
addition, the AEC configuration parameters are passed to the module through a data structure pointer
T_AEC_PARAM *p_aec_param element of *p_gbl_var. Those structures are detailed in the implemen-
tation document.

Requirements: The entire signal processing functions code must be mapped on a single DSP page
as it does not support extended addressing.

Reentrancy: No.

Return value: None.

2.1.2 Function f_aec_init ()
Prototype:

‘void f_aec_init (T_AEC_GLOBAL_VAR *p_gbl_var);
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Description:

This function is used to initialize the AEC module. The function arguments are presented be-
low (Table 2.2)

Arguments:
Type Name Flow Description
T_AEC_GLOBAL_VAR | *p_gbl var IN/OUT | Pointer on the AEC module static variables

Table 2.2 The AEC 2.x Initialization Function Arguments

Requirements: The init function code must be mapped on a single DSP page as it does not support
extended addressing.

Reentrancy: No.
Return value: None.

2.2 AEC 2.x Module Interface

This paragraph focuses on the API of the AEC module. The description of the parameters is
presented below (Table 2.3) in addition to the format and the range for each parameter (Table 2.4).

& Type Name Description

+0 | T SINT16 | d aec_mode AEC operating mode

+1 | T SINT16 |d mu AEC adaptation step

+2 | T _SINT16 | d cont filter AEC continuous filtering flag

+3 | T _UINT16 | d scale input ul AEC input scaling factor uplink

+4 | T _UINT16 | d scale input dI AEC input scaling factor downlink

+5 | T _SINT16 | d div_dmax AEC maximum energy of divergence for filter switching

+6 | T _UINT16 | d div swap good | AEC level to define good performances of fast filter

+7 | T _UINT16 | d div_swap bad AEC level to define bad performances of fast filter

+8 | T_SINT16 | d_block_init AEC intgrnal VAD: number of blocks used for initialization (to
learn noise threshold)

+9 | T SINT16 | d fact vad AEC internal VAD factor used in calculation of level of signal

+10 | T_UINT16 | d_fact_asd_fi AEC intemql VAD factor used to adapt noise threshold for
signal decision

+11 | T_UINT16 | d_fact_asd_mut AEC int'ernal VAD factor used to adapt noise threshold for
smoothing decision

+12 | T_UINT16 | d_thr_abs AEC internal VAD absolute noise threshold

+13 | T_SINT16 | d_es_level_max AEC internal ES maximum attenuation for echo suppression

+14 | T UINT16 | d granularity att AEC internal ES number of blocks for attenuation smoothing

+15 | T SINT16 | d coef smooth AEC internal ES percentage (between 0 and 1) of max att.

+16 | T UINT16 | d block size AEC processing block size (samples)

Table 2.3 The AEC 2.x API Parameters Description
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& Type Format Range Comments
0x0008 AEC 1.8 with internal VAD and ES (previous solution)
0x0000 AEC 1.8 with internal VAD and without internal ES
*0 | T_SINT16 | 16b/Q0 0x0007 AEC 2.0 with divergence control enabled
0x0003 AEC 2.0 with divergence control disabled
+1 | T_SINT16 | 16b/Q15 0x5000 Ref. 0.625
0x0000 continuous filtering disabled, see also note (1)
*2 | T_SINT16 | 16b/Q0 0x0001 continuous filtering enabled, see also note (1)
0x0000 Ref. 1, no scaling uplink, see also note (2)
*3 | T_SINT16 | 16b/Q0 0x0003 Ref. 8, scaling uplink, see also note (2)
0x0000 Ref. 1, no scaling downlink, see also note (2)

+4 | T_SINT16 | 16b/Q15 0x0003 Ref. 8, no scaling downlink, see also note (2)

+5 | T_SINT16 | 16b/Q12 0x537D Ref. 21373

+6 | T_UINT16 | 16b/Q0 Ox7FB2 Ref. 32690

+7 | T_UINT16 | 16b/Q0 0x65AD Ref. 26029

+8 | T _SINT16 | 16b/Q0 0x07D0 Ref. 2000 samples

+9 | T_SINT16 | 16b/Q15 Ox3FFF Ref. 0.5

+10 | T _UINT16 | 16b/Q12 0x1000 Ref. 4096

+11 | T _UINT16 | 16b/Q12 0x1000 Ref. 4096

+12 | T_UINT16 | 16b/Q0 0x0032 Ref. 50

[0x0813, Ref. -24dB, see also note (3)
+13 | T_SINT16 | 16b/Q15
Ox7FFF] Ref. 0dB, see also note (3)
+14 | T_UINT16 | 16b/Q0 0x00A0 Ref. 160 samples
[OXOCCB, | Ref. 3275
+15 | T_SINT16 | 16b/Q15
OX7FFF] Ref. 32767
+16 | T_UINT16 | 16b/Q0 0x0001 Ref. 1 sample
Table 2.4 The AEC 2.x APl Parameters Format and Range

Q) Continuous filtering flab enables/disables filtering by adaptive filter when downlink VAD is
inactive. It is recommended to enable the continuous filtering in the aim to cancel echo due to
downlink noise.

(2) Scaling factors increase or decrease the dynamic of the input signal in the downlink or in the
uplink corresponding respectively to right or left shifting by d_scale_input_dl and
d_scale_input_ul. When scaling by d_scale_input_ul, the signal is re-scaled in the opposite
direction in the output uplink to restore dynamic after echo cancellation. Recommendation is to
use the AEC 2.0 with scaling ON.

3) Internal ES maximal attenuation is computed from A(dB) user’s specification using the next
formula:

A(dB)
d_es_level max=round {2'°.10 20 1. (2.1)
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Appendices

A. Appendix: AEC 2.x Parameters — Reference Values

& Type Name Values References
+0 | T_SINT16 | d_aec_mode 0x0000 | AEC 1.8 without ES
+1 | T_SINT16 | d_mu 0x5000
+2 | T _SINT16 | d cont filter 0x0001
+3 | T_UINT16 | d_scale_input_ul 0x0003
+4 | T_UINT16 | d_scale_input_dI 0x0003
+5 | T_SINT16 | d_div_dmax 0x537D
+6 | T _UINT16 | d div_swap good | OX7FB2
+7 | T_UINT16 | d_div_swap_bad Ox65AD
+8 | T_SINT16 | d_block_ init 0x07D0
+9 | T_SINT16 | d_fact vad Ox3FFF
+10 | T_UINT16 | d_fact asd_fil 0x1000
+11 | T_UINT16 | d_fact_asd_mut 0x1000
+12 | T_UINT16 | d_thr_abs 0x0032
+13 | T_SINT16 | d es level max OX7FFF
+14 | T_UINT16 | d_granularity att 0x00AO
+15 | T_SINT16 | d_coef smooth 0x0CCC
+16 | T_UINT16 | d_block_size 0x0001

Table 2.5

ternal ES OFF)

& Type Name Values References
+0 | T _SINT16 | d aec_mode 0x0007 | AEC 2.0 with div. ctrl.
+1 | T_SINT16 | d_mu 0x5000
+2 | T _SINT16 | d cont filter 0x0001
+3 | T_UINT16 | d_scale_input_ul 0x0003
+4 | T_UINT16 | d_scale_input_dl 0x0003
+5 | T_SINT16 | d_div_dmax 0x537D
+6 | T _UINT16 | d div_swap good | OX7FB2
+7 | T_UINT16 | d_div_swap_bad Ox65AD
+8 | T _SINT16 | d block init 0x0000
+9 | T_SINT16 | d_fact vad Ox3FFF
+10 | T_UINT16 | d_fact _asd_fil 0x1000
+11 | T_UINT16 | d_fact_asd_mut 0x1000
+12 | T_UINT16 | d_thr_abs 0x0032
+13 | T_SINT16 | d es level max OX7FFF
+14 | T_UINT16 | d_granularity att 0x00AO
+15 | T_SINT16 | d_coef smooth 0x0CCC
+16 | T UINT16 | d block size 0x0001

The AEC 2.x — Parameters Reference Values for Previous Solution 1.8 (in-

Table 2.6 The AEC 2.x — Parameters Reference Values (Divergence Control ON, Scal-
ing ON)
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& Type Name Values References
+0 | T _SINT16 | d aec_mode 0x0003 | AEC 2.0 div. ctrl. Off
+1 | T _SINT16 | d_mu 0x5000
+2 | T_SINT16 | d_cont _filter 0x0001
+3 | T_UINT16 | d_scale input_ul 0x0003
+4 | T _UINT16 | d_scale input_dI 0x0003
+5 | T_SINT16 | d_div_dmax 0x537D
+6 | T_UINT16 | d_div_swap_good | OX7FB2
+7 | T_UINT16 | d_div_swap_bad Ox65AD
+8 | T_SINT16 | d_block_init 0x0000
+9 | T_SINT16 | d_fact vad Ox3FFF
+10 | T_UINT16 | d_fact_asd_fil 0x1000
+11 | T _UINT16 | d_fact _asd_mut 0x1000
+12 | T_UINT16 | d_thr_abs 0x0032
+13 | T _SINT16 | d es level max OX7FFF
+14 | T_UINT16 | d_granularity att 0x00AO0
+15 | T_SINT16 | d_coef smooth 0x0CCC
+16 | T_UINT16 | d_block_size 0x0001

Table 2.7 The AEC 2.x — Parameters Reference Values (Divergence Control OFF, Scal-
ing ON)
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