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Abstract. This paper presents the validation methodology established and ap-
plied during the development of a wireless LAN application. The target of the 
development is the implementation of the hardware physical layer of the 
HIPERLAN/2 wireless LAN protocol and its interface with the upper layers. 
The implementation of the physical layer (modem) has been validated in two 
different levels. First, at the functional level, the modem was validated by a 
high-level UML model. Then, at the implementation level, a new validation 
framework drives the validation procedure at three different sub-levels of de-
sign abstraction (numerical representation, VHDL coding, FPGA-based proto-
typing). Using this validation methodology, the prototype of the HIPERLAN/2 
modem has been designed and validated successfully. 

1   Introduction 

In wireless data communications there have been many standardization efforts in 
order to meet the increased needs of users and applications. In the 5 GHz band, there 
are the IEEE 802.1a [1] and the HIPERLAN/2 [2], both specified to provide data rates 
up to 54 Mbps for wireless LAN applications in indoor and outdoor environments. 
The market for these applications is growing rapidly and it is estimated to reach more 
than 61 million wireless products shipments by 2006 [3]. Both aforementioned stan-
dards operate in the same frequency band, and utilize orthogonal frequency division 
multiplexing (OFDM) for multicarrier transmission [4]. 

The purpose of this paper is to present a new multi-level validation methodology 
that was applied during the development of a HIPERLAN/2 modem. For the deve-
lopment of this modem an innovative flow was followed. This flow is based on the 
use of UML and its modeling capabilities for the high-level design and validation of 
the system. The flow is presented graphically in Fig. 1. Furthermore, the presented 
flow offers significant support for the validation of the hardware parts of the system, 
and more specifically, the implementation of the physical layer (modem) at three 
different levels of design abstraction (mathematical analysis, HDL design, FPGA 
prototype). These increased levels of support are achieved through a validation frame-
work that integrates the validation of the modem with the validation of the high-level 
system model and its validation. 

                                                           
* This work was partially supported by the IST-2000-30093 EASY project. 



A Multi-level Validation Methodology for Wireless Network Applications         333 

 

System
Specification

High-level
System Modelling

High-level
System Validation

Software
Design

Hardware
Design

Hardware
Validation

Validation
Framework

Software
Validation

System Integration
and Validation

 

Fig. 1. Design and validation flow for the implementation of the HIPERLAN/2 system 

Other proposed methodologies for telecommunication systems (such as the one 
presented in [5]) do not offer support for the validation of the modem's design at dif-
ferent levels of design abstraction (system model, mathematical analysis, HDL de-
sign, FPGA prototype), even if they propose UML for the modeling of the system, as 
in the design methodology presented in [6]. The use of UML for the modeling and 
validation of the modem, as it is proposed in this paper, boosts its development sig-
nificantly and automates the validation process. 

2   High-Level Modem Modeling 

The major problem in the design of a complicated system, such as a wireless LAN 
modem, is the verification of the design and the early detection of design faults [7]. 
For this reason a UML based flow for the system design of the modem was followed 
in order to produce an executable system specification (virtual prototype) for early 
verification of its control functions. This virtual prototype is based on a UML model, 
which uses the UML-RT profile [8]. 

The high-level model of the system (including the functionality of the modem) can 
be used to early validate the design of the HIPERLAN/2 system. The validation sce-
narios are based on the captured system-level use case and sequence diagrams. The 
structure of the UML based system model is presented in Fig. 2. 

Within the structure of the AP model there is a group of three objects that model 
the interface of the modem with the rest system, as well as the behavior of the mo- 
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Fig. 2. Object structure of the high level model of the HIPERLAN/2 system 

dem’s control parts. These objects are the “modem data IF”, the “modem control IF”, 
and the “modem bursts creation”. The first object models the behavior of the data 
manipulation parts of the modem's interface (memories and registers), the second 
object models the behavior of the control parts of the interface (commands accepted 
by the modem, interrupts), while the third object models the behavior of the modem 
(creation of broadcast, downlink and uplink data bursts). 

The remaining objects inside the system structure (Fig. 2) are specific to the upper 
layers of the protocol stack and the custom implementation of the MAC layer and the 
error control mechanisms. 

3   Modem’s Hardware-Software Mapping and Implementation 

An important task during the design of the modem is the mapping of its processes to 
the used instruction-set processors (i.e. software implemented processes) and to cus-
tom hardware (i.e. hardware implemented processes), as well as the determination of 
the interface of the processes implemented in software with those implemented in 
hardware. The mapping scheme that is used in this development is heuristic (based on 
our previous experience from similar systems' development). The architecture of the 
platform (ARM Integrator) in which the modem’s prototype is implemented was 
selected in order to realize the produced mapping scheme of the overall system. 

The prototype platform mainly consists of two ARM processor cores for the reali-
zation of the processes that were mapped for implementation in software, and FPGA  
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Fig. 3. Block diagram of the system mapping on the ARM Integrator 

devices for the implementation of the hardware parts of the modem. The processor 
cores are responsible for the execution of the upper layers of the HIPERLAN/2 proto-
col stack and the software parts of the modem. The physical layer of the protocol 
(modem’s data path and control units) was implemented onto the FPGA devices of 
the prototype platform. Details on the architecture of the overall system implementing 
the HIPERLAN/2 wireless LAN standard can be found in [9], while the mapping of 
the system to the various elements of the selected architecture is presented in Fig 3. 

For the implementation of the interface between the modem and the HIPERLAN/2 
DLC layer, a fully programmable hardware unit has been designed, capable of execut-
ing a set of suitable instructions. The selection of the instruction set of the modem is 
based on the results of alternative instructions sets using the high-level, UML based, 
virtual prototype of the system. The interface block of the modem is presented in 
Fig. 4. 

The interface of the modem’s hardware with the software parts of the modem in-
cludes a number of memory buffers, a number of interrupt signals and a command set. 
The command set of the modem includes suitable commands for transmission and 
reception of the various physical layer packets and commands for controlling the RF 
interface. Apart from the commands, the interface unit includes a number of storage 
buffers (e.g. command memory, transmit and receive data memories) and a series of 
interrupts (e.g. synchronization, end of receive, end of transmit), as acknowledge-
ments to the protocol’s requests. 

4   Validation Framework 

The validation of the design of the modem is performed in three different phases. The 
first one concerns the validation at the algorithmic level, where both receive and 
transmit algorithms of the modem are developed and verified at the numerical level. 
The second phase concerns the VHDL development environment and its simulator  
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Fig. 4. Block diagram of the modem's interface 

(modem design), while the third validation phase concerns the reconfigurable hard-
ware and its accompanying platform (modem implementation). 

Before the validation of the modem’s algorithms, for the purposes of system vali-
dation, an executable specification model of the system has been developed, using 
UML. This model helps the validation of the specifications of the system early in the 
design process. An important artifact of the UML modeling is a set of system usage 
scenarios, captured formally using the UML’s modeling techniques. These usage 
scenarios, accompanied with sequence diagrams formally presenting each one, are a 
helpful resource for the validation of the system’s design at various levels of abstrac-
tion. This model is also used to validate the design of the system’s software, using as 
input the formally captured system specifications in the form of sequence diagrams. 

The novel approach to the validation of the hardware design of the system, and 
more specifically the modem, is to use the formal validation techniques offered by 
UML modeling for this purpose, and the developed UML model of the system. The 
idea is to use the same sequence diagrams and the same UML system’s model for the 
validation of the hardware blocks of the modem, suitably modified to meet the nature 
and specific requirements of hardware validation. The way to achieve this is to create 
a methodology and a validation framework that takes as its input usage scenarios from 
the system level and produces validation patterns for all the three modem’s validation 
phases. In order for the validation to be accurate, the transformation of the high-level 
usage scenarios to low-level test patterns for the validation of the modem has to be 
automatic and formal. 

In order to automate and facilitate the method for generating test input for all the 
three phases of the modem’s validation from the high-level system scenarios, a cus-
tom validation framework was developed. This framework provides an automatic 
connection of the whole system’s validation with the validation of the modem at the 
various phases of its development process. The operation of the developed framework 
is presented graphically in Fig. 5. Its major advantage is that from a given high-level 
frame description it can produce test patterns for the three validation phases that are 
consistent, and perform the same validation scenario at the corresponding validation 
environment. 
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Fig. 5. Modem's validation framework 

As input to the validation framework, we use a description of the map of the 
HIPERLAN/2 frame at a high-level format. These descriptions are captured during 
the execution of the UML model of the system, under the stimulus of the usage sce-
narios in the form of sequence diagrams. During the execution of these testing scenar-
ios by the UML system model the outputs of the scheduler class of the system are 
logged. These logs contain the maps for a selected number of MAC frames, as these 
maps have been generated by the central scheduler of the system and its policies for 
allocating transmission resources. The validation framework is able to process these 
types of high-level frame information to produce test patterns for all three phases of 
the modem's validation. 

The first phase of the validation of the modem concerns the validation of receive 
and transmit algorithms in a MATLAB environment. An ad-hoc testbench has been 
created inside this environment to validate the developed algorithms. This testbench 
can be driven by a simulation scenario file and data files containing data to be proc-
essed by the algorithms. All these types of files are generated automatically by the 
validation framework to efficiently validate the algorithms of the modem with the 
same operating scenarios as the ones used for the validation of the system’s UML 
model. 

The second validation phase supports the VHDL-based design of the modem. In-
side the context of this phase, a VHDL-based testbench has been developed to help 
the verification task. The role of the validation framework during this phase is to 
produce input files and to support the operation of this VHDL-based testbench. More 
specifically, the framework produces force files that fill the memory blocks of the 
modem (configuration, transmit and control command memories) with valid contents, 
according to the high-level frame description. Furthermore, inputs and outputs of each 
algorithmic block are produced during the validation of the algorithms at the numeri-
cal level (MATLAB environment), which can also be used for the verification of the 
VHDL-based design, in direct comparison with the algorithmic results. 

The last phase of the modem’s validation concerns the FPGA-based prototype plat-
form. The platform contains the reconfigurable blocks that realize the modem’s cir-
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cuitry and the system’s processors. The validation phase at this platform is performed 
through the hardware-software interface of the modem, and is driven by the processor 
that is responsible for the modem control. The role of the validation framework dur-
ing this phase is to produce automatically the processor source code that will drive the 
validation, by using the high-level frame description. The code must fill all modem’s 
memories with valid data specific to the validation scenario and control the execution 
of this scenario. 

In order to present the detailed operation of the validation framework and the func-
tions that it performs in the context of the verification of the system’s algorithms, 
results from its application to the verification process of the wireless LAN modem are 
given below. The modem verification case presented here is based on an in-filed us-
age scenario, suitably modified to meet the specific validation environments used for 
the development of the algorithms. The scenario used for the testing of the modem 
design is a part of the protocol’s RLC association scenario, between the Access Point 
and the Mobile Terminal. A number of protocol frames are captured during this high-
level usage scenario and are translated into suitable test vectors for the verification of 
the modem. One of these frames is presented in Fig. 6, showing the bursts comprising 
a protocol frame, along with the starting time slot, duration, number of data units for 
each burst. 

The presented frame includes the broadcast burst (access point identity, capabilities 
and map of the current frame), the downlink burst (which contains a train of 5 short 
(SCH) and 12 long (LCH) packets), and the uplink burst (1 long and 10 short pack-
ets). Furthermore, the frame includes a random access burst, during which unassoci-
ated mobile terminals can perform their initial contact with the access point. 

5   Validation Results 

In the timing diagrams of Fig. 6, the signal “AP_Tx_IQ_data_out” and 
“MT_Tx_IQ_data_out” are the transmitter’s output for the Access Point and the Mo-
bile Terminal, respectively. The signals “AP_Rx_data_out” and “MT_Rx_data_ out” 
are the receiver’s output (the data that are inserted in the receive memory of the mo-
dem interface unit) for the Access Point and the Mobile Terminal, respectively. Also, 
the basic control signals for both Access Point and Mobile Terminal are shown 
(“data_valid”, enable and control commands for the receiver and start of transmission 
for the transmitter). Note, that analog interpretation of the data signals is used for 
better understudying of the results (data contained within the packets). 

Fig. 6 illustrates the simulated signals for a complete frame (broadcast, downlink 
and uplink bursts). These signals were generated after the execution of the simulation 
scenario that was produced automatically by the validation framework for the input 
frame depicted in Fig. 6. The different bursts of the simulated frame are clearly pre-
sented in the same figure. For each burst of the frame, the packets that it contains are 
also displayed in the same figure. For the transmission of the user packets (LCHs), 
this example uses QPSK 3/4 physical mode. Similar test cases were also performed in 
order to cover all the physical layer modes [10] supported by the HIPERLAN/2 stan-
dard. The complete set of the performed test cases is given in the following table, 
where the type and the number of data units for each burst are listed. 
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Fig. 6. Modem validation results 
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Table 1. Modem’s test cases 

 

6   Discussion and Conclusions 

This paper presents the validation of the software and hardware parts of the baseband 
modem for a wireless LAN application. For the design of the modem, a flexible im-
plementation scheme was followed, where some parts of the modem were imple-
mented in hardware, for efficiency reasons, and some parts in software, for flexibility 
reasons. The specialized communication between the hardware and the software parts 
of the modem was designed and validated by using the high-level model of the sys-
tem. 

The functional validation of the modem and its interface was based on a high-level 
system model, developed using UML. This UML-based model of the HIPERLAN/2 
system was validated using scenarios from real-life usage. The modem impleme-
ntation was validated using an innovative validation framework. The framework uses 
as input a high-level frame format, as it has been produced by the simulation of the 
UML system model, and produces specific test patterns for the validation of the mo-
dem’s algorithms, at three different phases of the development (algorithmic, HDL, 
FPGA-based prototyping). The developed framework can be efficiently used for de-
signing/validating wireless network applications. However, the application of the 
proposed methodology is not limited to wireless network applications, but can be 
applied in any embedded system development that incorporates telecommunication 
services. Current trends in System-on-Chip design tend to adopt UML as high-level 
modeling language; therefore, the proposed validation environment can be applied 
seamlessly to embedded system designs that are based on the use of UML. 

The main benefit of validation framework that was presented in this paper is that it 
integrates the validation of the modem’s development with the validation of the rest 
of the system, which is performed at a high level of abstraction using UML modeling. 
The use of this validation framework helps in the easy and efficient identification and 
correction of the modem's design errors. Furthermore, the proposed validation frame-
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work is based on the modeling of the system with UML, which is becoming a trend in 
today's embedded systems [11]. 

The prototype of the presented HIPERLAN/2 modem was implemented success-
sfully on an FPGA-based platform (ARM Integrator). Furthermore, results from the 
co-simulation of the modem through the testing scenarios produced by the validation 
framework are also presented, along with sample outputs of the framework. 
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