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INTRODUCTION 
 

The formant based Log-MMSE app is designed for noise reduction and speech enhancement in 

real time. The contents of this user guide gives you the steps to implement the formant based Log-

MMSE algorithm on iOS devices (iPhone and iPad) and the steps to be followed after installing 

the app on the smartphone. This app will be an open source and portable research platform for 

hearing improvement studies. 

 

This user guide covers the software tools required for implementing the algorithm, how to run C 

codes on iOS devices and usage of other tools that are quite helpful in creating audio apps for 

audio playback in real time. 

 

The C codes used for the formant based Log-MMSE algorithm are made available publicly on the 

following website: http://www.utdallas.edu/ssprl/hearing-aid-project/  

The codes can be accessed and used with proper consent of the author for further improvements 

in research activities related to hearing aids. 

 

The screenshot of the first look of our app is as shown in Figure 1 below, 

http://www.utdallas.edu/ssprl/hearing-aid-project/
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1. SOFTWARE TOOLS 
 

iOS is a mobile operating system created and developed by Apple Inc. for devices like iPhones, 

iPads and iPods. The languages used in this system are C, C++, Objective-C and Swift. All third-

party apps are authorized and can be made available through the Apple’s app store for devices 

with iPhone OS 2.0 and higher. The apps must be written in either Swift or Objective-C. We use 

Objective-C as it has an option of running C or C++ codes within the iOS environment. The codes 

must be compiled specifically for iOS and the 64-bit ARM architecture (typically using Xcode). 

 

To design apps for iOS devices, a Mac OS is needed. The entire process can be carried out using 

Xcode IDE (Integrated Development Environment). It is a software package that can be installed 

for free from the app store. It is not possible to develop iOS apps using a Windows or Linux based 

computers. 

 

 
Figure 1 
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From iOS version 9 and Xcode version 7 onwards, it has become possible to perform app 

development without the need to enroll or register in the Apple Developer Program. It is worth 

mentioning that although apps developed can be run on iPhones/iPads, they cannot be published 

on the App Store without registering as an Apple Developer. 

 

 

 

To download the latest version of Xcode 

1. Open the App Store app on your Mac (by default it’s in the Dock). 

2. In the search field in the top-right corner, type Xcode and press the Return key. 

The Xcode app shows up as the first search result. 

3. Click Get and then click Install App. 

4. Enter your Apple ID and password when prompted. 

Xcode is downloaded into your /Applications directory. 

 

2. BUILD AN IOS APP 
 

2.1 Programming Language  
 

For creating iOS apps, Objective-C is used to create the required shell. Objective-C constitutes a 

superset of C, allowing one to seamlessly call C functions by just importing a header file. The 

execution of C codes occurs efficiently within the Objective-C environment due to the absence of 

any overhead translation or matching.  

 

2.2 Creating Objective-C Shell 
 

The creation of an Objective-C shell starts by creating a GUI to link data to a C code. The steps 

needed for creating a basic shell are listed below:  

▪ Open Xcode and select “Create a new Xcode project” on the startup splash screen, see 

Figure 2. If in case, no splash screen comes up, select File->New->Project or press 

Command + Shift + n.  
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▪ On the page that comes up, shown in Figure 3, choose the template of the project as 

“Single View Application” and click Next. 

 

 

▪ For options that come up, set the name of the project, select Team as “None”, set your 

organization name and the organization identifier. Remember to set the Language to 

 
Figure 2 

 
Figure 3 
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“Objective-C” as this option cannot be reversed. Select devices as “Universal” and 

deselect all the options.  

▪ Store the project in the Directory of your choice and click Create. If desired, deselect the 

option “Create Git Repository”.  

▪  To be able to build the app for iPhones, you would need to sign the application and select 

a Team. In Xcode, select “User Name (Personal Team)” for Team and Xcode will 

automatically sign the application. 

 

2.3 Adding C File  
 

▪ To add a C file to the project, navigate to the “Log-MMSE SE” folder in the project 

navigator and select “New File…”, shown in Figure 4.  

▪ In the “iOS” tab, shown in Figure 5, under “Source”, select “C File” and click Next.  

▪ On the page that comes up, write the file name and also select the option that states “Also 

create a header file” and click Next.  

 

 
Figure 4 
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▪ An existing C code can be directly attached to the app, instead of a writing a new C code. 

It will be explained in the further topics. 

▪ Once the C code is attached, add the header file in the “View Controller.m” file to use the 

contents in C code. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 
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3. SUPERPOWERED SDK 
 

 

▪ This is a low latency audio SDK for iOS and Android. 

▪ Superpowered accomplishes this using patent-pending DSP optimization technology to 

achieve desktop grade performance on mobile devices. 

▪ Superpowered technology uses less than half the power of Apple’s Core Audio and is more 

than twice as fast as Apple’s vDSP. 

▪ The Superpowered Audio SDK empowers developers to remove CPU resource limitations, 

and develop cross-platform audio for iOS, Android and wearable devices. It includes: 

 

1. Example apps/projects for iOS, OSX and Android 

2. Static library files 

3. Decoder for MP3, AAC, WAV, AIFF and STEMS 

4. Advanced Audio Player (including time stretching, pitch shifting, resampling, looping, 

scratching, etc.) 

5. HTTP Live Streaming 
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6. Effects: echo, flanger, gate, reverb, rool, whoosh, 3 band equalizers, biquad IIR filters (low-

pass, high-pass, bandpass, high-shelf, low-shelf, parametric, notch) 

7. Dynamics: compressor, limiter, clipper. 

8. Time Stretching and Pitch Shifting, resampler 

9. Polar and Complex FFT 

10. Recorder 

11. Open-source audio system input/output classes 

12. Time-domain to frequency domain class (including inverse) 

13. Bandpass filterbank for time-domain frequency analysis 

14. Audio analyzer: key detection, bpm detection, beatgrid detection, waveform generation, 

loudness/peak analysis 

15. Stereo and mono mixers 

16. Simple audio functions (volume, volume ramp, peak, float-short conversion, interleaving and 

de-interleaving) 

 

▪ The code is made as an open source and can be downloaded by going to the following link 

below, 

http://superpowered.com/ 

▪ Once it is downloaded you can go to examples_ios folder as shown in Figure 6, to find 

various examples provided by superpowered that can be used and modified based on the 

requirements for our applications.   

▪ When you click on the SuperpoweredFrequencyDomain as shown in Figure 6, the code 

can be opened on Xcode directly.   

http://superpowered.com/
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▪ All modifications can be done in “View Controller.mm” file present inside as shown in 

Figure 7, the data in frequency domain can be modified.  

 

 

▪ The input will be considered to be in time domain, then converted to frequency domain 

and once you are done with the modifications the data will be again converted back to time 

domain to obtain the output. 

 

Figure 6 

 
Figure 7 
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▪ Refer the block diagram shown in Figure 8 for better understanding, 

 

 

 

4. CORE AUDIO BY APPLE 
 

• Core Audio is the digital audio infrastructure of iOS and OS X. It consists of numerous 

software frameworks designed to handle the audio needs in our application.  

• Core Audio in iOS is optimized for the computing resources available in a battery-

powered mobile platform.  

• Most Core Audio services use and manipulate audio in linear pulse-code-modulated 

(linear PCM) format, the most common uncompressed digital audio data format. 

• Core audio provides us with many services like, 

• Audio Queue Services lets you record, play, pause, loop, and synchronize audio. It 

employs codecs as necessary to deal with compressed audio formats. 

• The AVAudioPlayer class provides a simple Objective-C interface for playing and 

looping audio as well as implementing rewind and fast-forward. 

• For more information related to core audio please refer this link given below., 

 
Figure 8 
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https://developer.apple.com/library/content/documentation/MusicAudio/Conceptual/Core

AudioOverview/WhatisCoreAudio/WhatisCoreAudio.html- 

//apple_ref/doc/uid/TP40003577-CH3-SW1. 

• Steps to be followed before attaching the SE algorithm to core audio are; 

1. Identify the audio component (kAudioUnitType_Output/ 

kAudioUnitSubType_RemoteIO/ kAudioUnitManufacturerApple) 

2. Use AudioComponentFindNext(NULL, &descriptionOfAudioComponent) to obtain 

the AudioComponent, which is like the factory with which you obtain the audio unit 

3. Use AudioComponentInstanceNew(ourComponent, &audioUnit) to make an 

instance of the audio unit 

4. Enable IO for recording and possibly playback with AudioUnitSetProperty 

5. Describe the audio format in an AudioStreamBasicDescription structure, and apply 

the format using AudioUnitSetProperty 

6. Provide a callback for recording, and possibly playback, again using 

AudioUnitSetProperty 

 

• The code for both recording and playback is as shown in figure 9 and figure 10 respectively. 

Modifications can be made to them based on the application. 

 

 

Figure 9 

https://developer.apple.com/library/content/documentation/MusicAudio/Conceptual/CoreAudioOverview/WhatisCoreAudio/WhatisCoreAudio.html-%20/apple_ref/doc/uid/TP40003577-CH3-SW1
https://developer.apple.com/library/content/documentation/MusicAudio/Conceptual/CoreAudioOverview/WhatisCoreAudio/WhatisCoreAudio.html-%20/apple_ref/doc/uid/TP40003577-CH3-SW1
https://developer.apple.com/library/content/documentation/MusicAudio/Conceptual/CoreAudioOverview/WhatisCoreAudio/WhatisCoreAudio.html-%20/apple_ref/doc/uid/TP40003577-CH3-SW1


Page 14 of 20 
 

4/8/17 

 

 

Figure 10 

 

 
• For initializing, we consider a member variable of type AudioComponentInstance which 

will contain our audio unit. 

• The audio format described below uses SInt16 for samples (i.e. signed, 16 bits per sample) 

as shown in figure 11. 
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Figure 11 
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• Write the SE algorithm as a different function and call it in the main code. 

• The above used code is made publicly available and can be accessed from the website, 

http://atastypixel.com/blog/using-remoteio-audio-unit/ . 

• A sample code which is made available by apple was also referred for developing the 

application.  

https://developer.apple.com/library/content/samplecode/aurioTouch/Introduction/Intro.ht

ml#//apple_ref/doc/uid/DTS40007770 . 

• Different frameworks were used for the application mentioned in this user guide. 

1. Audio Toolbox Framework - Record or play audio, convert formats, parse audio 

streams, and configure your audio session. The Audio Toolbox framework 

provides interfaces for recording, playback, and stream parsing. In iOS, the framework 

provides additional interfaces for managing audio sessions. Different header files used 

in the framework is as shown in figure 12. 

 

 

Figure 12 

 

2. AVFoundation Framework - Record, edit, and play photos, audio, and video; 

configure your audio session; and respond to changes in the device audio 

http://atastypixel.com/blog/using-remoteio-audio-unit/
https://developer.apple.com/library/content/samplecode/aurioTouch/Introduction/Intro.html#//apple_ref/doc/uid/DTS40007770
https://developer.apple.com/library/content/samplecode/aurioTouch/Introduction/Intro.html#//apple_ref/doc/uid/DTS40007770
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environment. If necessary, customize the default system behavior that you 

implement with AVKit. 

 

 

Figure 13 
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5. Formant based Log-MMSE APPLICATION 
 

 

▪ The algorithm is developed for reducing the background noise and improving the speech 

quality and intelligibility in a noisy speech environment.  

▪ For instance, if a hearing-impaired person is in a restaurant amidst many people blabbering 

in the background, which makes it difficult to understand the desired speech, they can 

connect their hearing aids to the smartphone with FLog-MMSE app. 

▪ Once the noise reduction in the app is turned on, the background noise reduces 

considerably, improving quality and intelligibility of the desired speech. 

▪ The steps to be followed once the app is installed on your iOS device are as follows, 

a. Make sure you have the hearing aid device paired to your iPhone or iPad.  

b. For normal hearing people, wired headphones can be used instead of the hearing 

aids. 

c. Click on the icon by the name FLog-MMSE, present amongst the apps. 

d. You will see a display as shown in Figure 9. 

 

 
Figure 9 
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e. The noise reduction is initially turned off as shown in Figure 9, which plays back 

the original audio data from the environment. It is noisy data if you are in a noisy 

environment. 

f. To turn ON noise reduction, just click on the button present on your screen and it 

will display ON indicating that noise reduction is working. Refer Figure 10. 

 

g. Note: When you turn on noise reduction, the algorithm takes about 3 seconds to 

study the noise characteristics. It is advisable to turn on noise reduction (for the first 

time) when there is no speech, to achieve best performance.  

h. A slider in Figure 10 (referred as beta factor), is provided for user to control and 

attain more noise suppression without speech distortion by adjusting. 

i. Initial value of slider is 1 at which point, the integrity of speech is well preserved, 

but noise is not suppressed satisfactorily. As you adjust the slider to the left (Figure 

11), the noise reduces significantly.  

 
Figure 10 
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j. The user can vary the slider based on their preference. When they are in an 

environment where there is no speech of interest (airports or inside flight), they can 

set the slider to have maximal noise reduction. When there is speech of interest, 

they can set the slider to a value that enables them to understand the speech with 

considerable noise reduction.  

k. Please do repeat all the steps mentioned above every time you open the app and 

make sure to re-open the app and repeat the steps when you go to a different noisy 

environment. 

l. In case the noise reduction is not satisfactory, we recommend you to restart the app 

and remain silent during noise training period of few seconds as soon as you start 

noise reduction. 

• If you want to know more about the algorithm, do refer our paper, which is accepted. All 

the codes will be made available in our website. 

 

 
Figure 11 


