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Abstract— This is a review paper that tells that Transaction
Level Modeling (TLM) is widely recognized and adopted
approach for realize ESL in actual practice. TLM models are
mostly applicable for broad range of designing tasks for e.g.
architecture exploration, system performance analysis,
HW/SW partitioning, etc. The key features behind adopting
this style of methodology are derived from early functional
verification, early software development, and higher system
quality. Currently a working group named Open SystemC
Initiative (OSCI) is defining a set of terminology for TLM
and will also simultaneously develop some TLM standards.
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. INTRODUCTION

Today Electronic System Level(ESL) design approach is an
emerging design methodology to model the sub-system at
higher level of abstraction. Transaction Level Modeling
(TLM) is widely recognized and adopted approach to
actually implement ESL in practice.[1] The TLM models are
applicable for wide range of design tasks e.g. architecture
exploration, performance analysis, HW/SW partitioning, etc.
Nowadays the most emerging system design methodology
that is based on Transaction-Level Modeling (TLM) is
mostly evolving from the large system design methodology.
And this emerging methodology is significantly has more
external and project design use embedded by the language
like System C [2]. The reasons behind adopting this style of
methodology are motivated from early software
development, early functional verification, and higher
system quality. The productivity improvements that are
derived from TLM-based methodology are very huge and
are the major motivation reason for its adoption. A working
group of Open SystemC Initiative (OSCI) is currently
defining a set of terminology for TLM and will eventually
develop TLM standards.

Il. ABOUT HEARING IMPAIRMENT

Normally human beings received information in form of
auditory, visual and sensory responses. Human can
communicate by taking complicated perceptual information
from the outside world through hearing sense and then that
information is interpreted in a meaningful way. Auditory
system is one of them. Mainly the human auditory system
consists of outer ear, middle ear and inner ear. The outer ear
is responsible for gathering sound energy and funnel it to ear
drum, the middle ear is the one which actually acts as an
mechanical transformer whereas the inner ear where the
auditory receptors i.e. hair cells are located which accepts
the mechanical signal and convert it into electrical signal
transfers it to the brain. So, for person suffering with severe
sensory-neural deafness, the auditory nerve fibers using
electrical stimulation are design [3].

Over decades several hearing aids were developed
that has following features in common: a microphone that

picks up the sound from environment and a signal processor
that further processes the audio signal & converts it into the
audible form for hearing impaired person. Here, the speech
processor is responsible for decomposing the input audio
signal into different frequency bands [4]. The designers of
hearing aids are facing with the challenge of developing
such signal processing algorithm that can extract maximum
amount of spectral information from the speech signal.

But there are different types of difficulties that
occurs during signal processing such as: The compression
algorithm is a system dependent characteristics since the
core of used hearing aid forces the set of allowed
algorithms. Apart from compression, the main parameters to
program are the Noise Suppression techniques and Feedback
Reduction algorithms [5]. Noise Reduction is an important
stage in the hearing aid signal processing since hearing-
impaired people have to understand speech with background
noise. The problem of Feedback Reduction produced when
the sound goes from the loudspeaker to the microphone. It
always limits the maximum gain and reduces the sound
quality. So, all these factors demand to develop an algorithm
with high performance speech processing for hearing aid
devices with greater accuracy. And to develop such
algorithm is challenging task for designer.

I1l. SYSTEM C AND TRANSACTION LEVEL MODELING

SystemC is the standard design and verification language
that spans from concept to implementation in hardware and
software. The Open SystemC Initiative (OSCI) is a
consortium of major EDA and IP companies that contributes
to and governs SystemC development and distribution.
SystemC users may develop models using SystemC along
with standard ANSI C++ libraries. It is used to model
hardware at an system level. It is both a high level language
as well as a hardware descriptive language. Transaction
Level Modelling is a library built on top of SystemC which
itself is a class library of C++. It encapsulates the
communication between different hardware modules
through system calls. TLM class library consists of core
interfaces, initiator target sockets, base protocol, generic
payload and utilities.Using these constructs, any hardware
module can be modelled at higher abstraction level.
TLM is mainly preferred over RTL for modeling

due to following features :

1) Simulation speed

2) Fast and early implementation

3) Accuracy

4) HW/SW co-design

5) High system quality

IV. LITERATURE SURVEY

Syed Saif Abrar et. al.[1] has told that with the acceptance
of TLM methodology for system level design, IP customers
need ever increasing support for TLM models. They faced
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time and accuracy challenges while manually converting
RTL to TLM. Hence, author here presented an approach to
convert automatically RTL-VHDL to systemC. Also,
abstraction of clock interface has provided about 38%
increase in simulation time.

Adam Rose et. al.[2] has proposed OSCI(Open
SystemC Initiative) TLM standard and has shown how to
use it to solve common modeling problems. Also, further the
core TLM proposal is being explained in detail and has
given how to combine different levels of abstraction in the
same TLM and how to approach towards common modeling
problems.

Eric W. Healy et. al.[6] In this paper author told
despite of doing considerable effort, the monaural (single-
microphone) algorithms having capability of increasing the
intelligibility of speech signal in noise have still remained
elusive. Hence, successful development of such an
algorithm is important task for hearing-impaired (HI)
listeners, that will give them particular difficulty in noisy
backgrounds. Basically in this paper an algorithm based
upon binary masking was developed to separate speech
signal from noisy signal. Just as the ideal binary mask, that
requires some pre-requisite of the premixed signals, the
masks that were used to segregate speech from noise in the
current study were evaluated by training the algorithm on
speech which is not used during testing.

IEEE Standard for Standard System C® Language
Reference Manual-1666-2011[7].This is the complete
reference manual for System C. It describes complete
language for beginners step by step. It includes language
definitions, predefined channel class, datatypes, utilites, etc.
Further it has also given TLM2.0 overview, interfaces,
generic payloads, base protocol and phases, etc.

Gibak Kim et. al.[8] has mainly focused on the
development of such an algorithm that can be most
optimized for a specific acoustic environment and also
improves speech intelligibility.The proposed method also
decomposes the input signal into time—frequency (T-F) units
and makes the binary decisions, based upon Bayesian
classifier, as to whether each T-F unit is dominated by the
target signal or the noise masker. Furthermore some
listening experiments were conducted in order to check the
intelligibility of speech signal that is synthesized using the
incrementally adapted models as a function of the number of
training sentences. Experimental results given indicated a
drastic improvements in intelligibility (i.e. over 60% in
babble at 5 dB SNR) with as few as 10 training sentences in
babble and at least 80 sentences in other noisy conditions.

Laurent Maillet-Contoz et. al.[9] Author in this
book has put forward TLM based models to remove RTL
design for SoC design flow. It also formalizes TLM
abstractions that offer untimed and timed models to tackle
with System on Chip design activities ranging from early
software development to architecture analysis and also
functional verification. The most adopting benefit of TLM is
the true hardware/software co-design founded on a unique
reference, that results in reduced time-to-market and
comprehensive cross-team design methodology.

Jon Connell et. al.[10] has proposed early hardware
and software generation of systems enabled using systemC.
The system being represented at transaction level shares
common abstraction and verification environment.Further

processor model is added in system that enables verification
of hardware and software interactions. Also, to the level
down of verifying the interactions of software, processors,
RTOS and hardware subsystems is done.

Preeti Ranjan Panda[11] has described about the
features of systemC which is used for modeling the platform
at multiple level of abstractions.It supports abstraction at
register transfer level, behavioural and at system levels.The
language is supported by OSCI, a consortium of wide range
of system houses, Intellectual properties(IP), semiconductor
companies, etc. The main advantages of using SystemC
includes establishment of a common design environment
consisting of core C++ libraries, models and tools thereby
setting up a foundation for hardware-software co-design and
gives the ability to reuse test benches across different levels
of modeling abstraction.

V. CONCLUSION

Review of various papers has been carried out. From that it
is clear that TLM methodology for system modeling is
widely recognized approach for system modeling over RTL
due to its key features and will be used in my project design
for implementing the hearing impairment algorithm. The
SystemC model for speech processing will be implementing
as embedded software using TLM. The performance and
overhead of this implementation will be measured.
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