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4. Evaluation 
 
WiRAD was subjected to rigorous testing in order to ensure satisfaction of performance and safety 
constraints.  This section is divided into test specifications and test certifications.  Each of these sections 
is further subdivided into simulation testing, hardware testing, software testing, and system testing. 
 
The tests specified in this section are designed to evaluate the satisfaction of the technical design 
constraints of Table I. 
 

Table I: Technical Design Constraints 

Name Description 

Decoding Quality WiRAD is capable of decoding streaming audio encoded at bitrates of up to 
128 kbit/s. 

Transmission Rate The 802.11b wireless link is capable of sustaining 1 Mbit/s transfer at an 
operating frequency of 2.4 GHz and range of 30 m from a base-station.  

Battery Life The battery provides at least 3 hours continued usage before recharging. 

Portability WiRAD is less than 10 cm (W) x 15 cm (H) x 5 cm (D).  

Audio Quality WiRAD provides 20-bit stereo audio at 48 KHz. 

 
4.1 Simulation 
 
4.1.1 Antenna 
The antenna was simulated in Ansoft High-Frequency Simulation Software (HFSS), the industry standard 
for high-frequency electromagnetic simulation.  The antenna was evaluated with the following metrics: 

1. current distribution, 
2. far-field radiation pattern, 
3. return loss, 
4. peak directivity, 
5. peak gain, 
6. input impedance 
7. and standing-wave ratio. 

 
Acceptable results of the current distribution simulation may be found in Figure 1. 
 

 
Fig. 1: Current distribution  
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Acceptable results of the far-field radiation pattern simulation may be found in Figure 2. 
 

 
Fig. 2: Far-field radiation pattern 

 
Acceptable results of the return loss simulation may be found in Figure 3. 
 

 
Fig. 3: Return loss 

 
Acceptable results of the peak directivity simulation may be found in Figure 4. 
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Fig. 4: Peak directivity 

 
Acceptable results of the peak gain simulation may be found in Figure 5. 
 

 
Fig. 5: Peak gain 

 
Acceptable results of the input impedance simulation may be found in Figure 6. 
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Fig. 6: Input impedance 

 
Acceptable results of the standing-wave ratio simulation may be found in Figure 7. 
 

 
Fig. 7: Standing-wave ratio 

 
4.2 Hardware 
 
4.2.1 Microcontroller 
The MCU is essential to basic WiRAD functionality and proper operation is implied in the technical 
design constraints of Table I.  MCU operation is particularly relevant to the decoding quality and audio 
quality constraints.  The MCU's 16 MHz clock indicates the availability of instruction cycles to process 
128 kbit/s and provide a mechanism for interrupts at a frequency of 48 KHz for the 20-bit stereo digital-
to-analog converter. 
 
Proper microcontroller (MCU) operation was tested in two steps: 

1. 16 MHz oscillation was measured on the MCU X1 and X2 clock pins. 
2. A test program for flashing an LED was programmed to the MCU via the USB bootloader and 

verified to work. 
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The passing result of the first test is shown in Table II. 
 

Table II: Expected and measured MCU clock frequencies 

Expected Frequency Measured Frequency Percent Error 

16.000 MHz 16.000 MHz 0% 

 
The passing result of the first test is shown in Table III. 
 

Table III: Expected and observed "led_flash.c" output 

Expected Output Observed Output 

blinking LED blinking LED 

 
 
4.2.2 WiFi Module 
The WiFi module is essential to basic WiRAD functionality and proper operation is implied in the 
technical design constraints of Table I.  This testing was also necessary to ensure a minimum WiFi 
transmission rate of 1 Mbit/s. 
 
The WiFi module was powered on in isolation from the MCU at a distance of 30 m from the WiFi access 
point in order to test operation.  The module's on-chip application processor allows operation in a 
standalone mode independent of MCU control.  Proper operation was tested by using a web browser to 
connect to the module.  The module responded with a webpage displaying wireless status information.  
This status information, along with the fact that a connection was achieved at all, was used to verify 
proper operation of the WiFi module. 
 
The passing result of this test can be seen in Figure 8. 
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Fig. 8: Wireless module status page 

 
The SPI connection between the module and the MCU was next tested by monitoring these lines on an 
oscilloscope.  The "Read Configuration" command was chosen as the test command.  Because of the 
number of lines involved in SPI communication, this test was conducted as three separate oscilloscope 
captures.  The first captured the clock on one channel and the master-in/slave-out on another channel.  
The second captured the clock on one channel and the master-out/slave-in on another channel.  The third 
captured the slave-select line.  A composite capture can be found in Figure 9. 
 

 
Fig. 9: Composite oscilloscope capture of SPI bus 
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In this capture, the command byte of '01000000' can be seen as well as the module's response '11110000' 
which indicates that both the read and transmit buffers are full and both the read and transmit interrupts 
are enabled. 
 
4.2.3 Battery 
To ensure adequate battery life as dictated by design constraints, charge/discharge testing was conducted.  
The battery was charged from initial depletion to full capacity through a standard USB port as illustrated 
in Figure 10. 
 

 
Fig. 10: Charging circuit 

 
It was then discharged through a 5 � , 2 W resistor to simulate WiRAD's current draw. 
 
Results of these tests can be found in Table IV. 
 

Table IV: Expected and measured charge/discharge times 

 Expected Measured Percent Error 

Charge Time 6 hours 9 hours 50% 

Discharge Time 5 hours 4.5 hours 10% 

 
While there was a large error in the predicted battery charge time, this figure is expected to vary 
depending on the number of USB-powered devices on a given hub.    
 
4.2.4 Antenna 
The antenna was connected to the WiFi module (in standalone mode).  Both were tested together by using 
telnet to access the WiFi module and validate the signal strength at a distance of 30 m.  Results of this test 
may be found in Table V. 
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Table V: Commercial vs. custom antenna performance 

 Commercial Antenna Custom Antenna 

Transmit Rate 1 Mbit/s 1 Mbit/s 

Communications Quality 62 dBm 60 dBm 

Signal Level -41 dBm -30dBm 

Noise Level -54 dBm -86 dBm 

 
While the primary motivations for custom-designing an antenna were size and cost, the above functional 
tests were necessary to ensure that antenna quality was not degraded to the point where transmission rate 
and decoding quality constraints could not be satisfied. 
 
4.3 Software 
 
4.3.1 Device Firmware 
The device firmware was evaluated on the basis of usability in accordance with the use cases and state 
flowcharts enumerated in 3.3. 
 
4.3.2 Desktop Client Software 
 
4.3.2.1 Saving and Loading Configurations 
The WiRAD desktop client application is designed to manage profiles of station presets.  The client 
application allows for this interaction with simple "Save Configuration", "Save As", and "Load 
Configuration" commands located in the File Menu. 
 
To test this process, a new profile was created using the option from the File menu.  A number of stations 
were then created using the New button at the bottom of the menu.  After population, this profile was 
saved using the Save Configuration option.  To test the integrity of the saved file, the application was 
closed and reopened and the previously saved profile was loaded using the Load Configuration option.  
The original profile was recorded and then compared to the profile that appeared after the load operation.  
This may be seen in Figure 11. 
 

 
Fig. 11: Profile management options 
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4.3.2.2 Station Editor 
The Station Editor is used to create a new preset station or edit an existing preset station.  To test the 
Station Editor, a new profile was created and then the New button was pressed, causing an information-
less Station Editor to appear as illustrated in in Figure 12. 
 

 
Fig. 12: Blank station editor window 

 
From here, a station name and preset number were chosen.  Also, a number of potential relays were 
associated with the station.  To verify that the station list was updated correctly, the Apply option at the 
bottom of the window was selected and it was verified that the appropriate station information changed in 
the main station window. 
 
The next step tested the Station Editor’s ability to edit an existing station.  A station was created and data 
was recorded; this station was then edited by pressing Edit in the main station window.  It was then 
verified that the Station Editor appeared with existing information as illustrated in Figure 13. 
 

 
Fig. 13: Station editor opening an existing station 
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4.3.2.3 Application Interoperability 
 
To verify that the application worked properly on Java-enabled platforms, the application was tested on 
multiple Windows and Linux machines with the Java Runtime Environment (JRE) installed.  
Compatibility was achieved with all systems. 
 
4.4 System 
 
4.4.1 Audio Throughput 
WiRAD audio throughput was tested in conjunction with device firmware by attempting to receive 
progressively higher resolution MP3 streams at various distances. 
 
Qualitative results of stream-quality by bitrate are recorded in Table VI. 
 

Table VI: Quality by bitrate 
Bitrate (kbps)  

16 24 32 48 56 64 96 128 

Clicks/Pops     X X X X 

Halts      X X X 

Speed Distortion       X X 

 
 
4.4.2 Configuration with Desktop Client 
 
When both WiRAD and the testing PC were running, a USB connection was establish between the two 
via USB cable.  The WiRAD desktop client application was opened and a profile loaded. The preset order 
of each station was then recorded.   
 
To test that the data transfer was successful, after an allowable period of time had passed, the USB 
connection between WiRAD and the PC was removed and it was verified that WiRAD contained the 
configured presets. 


