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Abstract: The article publishes with practical experience the author gained during testing 
Windows CE operating system. The main stress has been put on its real-time behaviour. 
The aim of the work was to determine a assess responsiveness of the system to an external 
event. Both general and particular conclusions are presented at the end of the paper 
positioning Windows CE as a suitable system for embedded applications. 
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1 Operating system overview 

Windows CE is a preemptive multitasking operating system that had been designed for 
general use. It is primarily targeted for simple devices without electromechanical revolving 
memory media. The fact the system has not been developed for a specific piece of hardware 
results in an existence of a unification software layer between hardware equipment and the 
rest of operating system. The layer is called OEM Adaptation Layer (OAL). The modular 
schema of the operating system is in Figure 1 [Microsoft]. 

The most important components of the operating system from the real-time point of 
view are: 

• OAL – contains Interrupt Service Routine (ISR) enabling development of device 
drives, real-time clock – RTC and the Interval counter. 

• Native and stream drivers providing access to the configured devices and 
interfaces. 

• Kernel that implements basic functionality of the system i.e. multitasking, priority 
subsystem or interrupt and event processing subsystem. 

As the figure 1 shows some parts of the Windows CE operation system (OEM 
components) is possible to adjust or modify based on particular deployment requirements 
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and application type. Other parts, namely the kernel, are given by system manufacturer and 
cannot by modified by any means.  

 

 
Figure 1. Microsoft Windows CE component structure 

 
Microsoft Windows CE underwent deep and significant development since its first 

version. The main differences between the two most frequently used versions at the present 
– 2.12 and 3.0 – lay also in their real-time capabilities. The shift toward a genuine real-time 
system is clearly sensible. Windows CE version 2.12 can be evaluated as an operating 
system that satisfies minimal requirements imposed on a general real-time operation 
system, and that is suitable for a certain application types with limited demand on strict 
real-time behavior. It primarily fulfills the following requirements: 

• is multithreaded and preemptive 
• supports eight thread priority levels 
• supports priority inheritance, which enables dynamic priority change during 

resolving priority inversion 
• supports synchronization mechanisms with deterministic behavior 
• supports programmable timers and access to high-performance counters 
• enables two-level interrupt processing for fast responses 
• interrupt latencies and interrupt processing are deterministic and fixed 
• duration of kernel calls are deterministic, fixed and independent on a number of 

active system objects 
In spite of all the positive characteristics the version 2.12 has several substantial 

drawbacks, which some experts consider limiting. They are namely: 
• number of thread priority levels is too small 
• interrupts cannot be nested 
• interrupt latency is too high for processing fast events 
We must agree with the mentioned deprecations, however, it is important to add the 

values of the parameters are not exactly and absolutely canonized, particularly the number 
of priority levels or latency lengths. The OS version is absolutely suitable for the 
application types where the presented number of priorities is reasonable and time 
responsiveness is sufficient. 
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Version 3.0 have brought a significant changes, in details in the above mentioned 
contentious three parameters. They gain the following values in the version 3.0: 

• number of thread priority levels has risen to 255 
• interrupts can be nested 
• interrupt latency has been significantly reduced 

Determining operating system responsiveness in the time domain 

The theoretical behavior of Windows CE in the time domain has been depicted in 
details in several papers published by department authors [Kačmář][Kulhánek, Kačmář]. 
An attention paid to this topic by Microsoft itself is also not neglected. Many result can 
found and used as references in the official programmer's source – Microsoft Developer 
Network Library. Results published in the source are, however, in many respects hardware 
specific and give a general and relative overview in the time domain.  

The reason for performing the following test was to validate assumption stated earlier, 
determine exact behavior of development platform possessed the department, and of course 
to compare the recorded results with the ones published by Microsoft. The subsequent 
paragraphs summarize results of two essential parameters for real-time computing and 
control: 

• measurement of system response to an external event 
• measurement of system behavior during typical software operations as are 

process/thread creation or manipulation with synchronization objects 

Real-time responsiveness to an external event 

Measurement of operating system responsiveness to an external event was done by 
means of external generator of rectangular signal (personal computer) connected to a data 
acquisition card's TTL input. The operating system Windows CE was extended with device 
driver for PCM-3730 PC104 board. Its algorithm was simple; it provides a response on 
TTL output to rising edge of the external signal. The real-time responsiveness was 
determined using external devices (digital oscilloscope and personal computer). In fact, the 
Windows CE driver made up a frequency divider (Figure 2), and the time response is 
marked as T. 
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Figure 2. Windows CE response to an external signal 
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The response time was determined and verified by digital memory oscilloscope. For 
measuring reliability of the time response of a periodic signal we used a personal computer 
with high accuracy especially designed application (Figure 3).  
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Figure 3. Testing equipment configuration 

Technical parameters of 
components: 
• Intel Celeron 466MHz 

personal computer, 
chipset Intel 810 

• Digital memory 
oscilloscope Tektronix 
TDS 210  

 

Response generation on Windows CE  

In order to generate the quickest response to the external event given by an interrupt 
(rising edge) we wrote a dedicated device driver for the digital data acquisition card PCM-
3730. The driver uses IST thread with the highest possible priority of processing. The 
thread is invoked by the operating system as a response to the interrupt as shown in Figure 
4, and immediately performs output value inversion.  

The Figure 4 shows the subsequent operations inside operating system and device 
driver after firing interrupt on PCM-3730. The operations succession and their hypothetic 
demandingness in Windows CE 2.11 are as follows: 

1. IRQ processing – Windows CE operating system doesn't support parallel or nested 
processing of several interrupt. The interrupt is therefore serviced immediately, 
after finishing present interrupt servicing, or in the worst case, never. 

2. ISR procedure invocation; it will pass through fast – operating system identifies 
the interrupt level and looks up the associated IST thread event. 

3. ISR procedure hasn't been modified in the developed device driver and we used 
the default one provided by operating system's OAL. The only code it does is 
signaling an event associated with IST thread and therefore waking it up.  

4. The speed of waking up the IST thread hinges on its priority and the state of the 
rest of threads. The tested application had the IST thread with highest priority and 
the speed of its preemption is mainly influenced by ability of operating system to 
interrupt processing current thread and activate another. This time probably varies 
the most and introduces the abnormalities to the data processing. 

5. The IST thread immediately after its activation inverts digital output. This latency 
is also minimal. Then the thread is put asleep again until the next external event. 

Measurement results 

Two sets of measurements were collected to evaluate the system responsiveness. One 
set for low loaded operating system and the other for overloaded system. The extreme load 
was simulated by enormous number of thread that virtually disabled to communicate 
through the user interface. This load, which can be seen partly on the result, almost didn't 
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influence the IST tread due to its highest priority. The set of measurements also stressed the 
system with different frequencies of the testing signal. Frequency 1Hz simulates a casual 
action while frequency of 10 kHz realizes periodical signal on the system’s performance 
edge. 
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Figure 4. Event processing in operating system and device driver 
 

 
 Frequency of 

external signal 
 1 Hz 

3600 samp. 
10 kHz 

36M samp. 
TAverage 115 µs 34 µs 
TMinimum 65 µs 25 µs 
TMaximum 365 µs 1575 µs 

Table 1. Results on low load system 

 Frequency of external 
signal 

 1 Hz  
3600 samp. 

10 kHz 
36M samp. 

TAverage 235 µs 48 µs 
TMinimum 85 µs 25 µs 
TMaximum 565 µs 505 µs 

Table 2. Results on overload system 
 
 

The given result shows the maximum time response is 1.5 ms (see Table 1). During 
this test four responses longer then 1 ms were registered. All other responses were in the 
vicinity of 115 µs. Due to the high number of registered samples and the sampling speed it 
was impossible to record time contour of all responses. Therefore it is hard to state, if those 
slow responses happened one after another or absolutely randomly during the whole 
measuring set. The logical explanation lays deeply in the operating system design. 
Windows CE preempt the threads with highest priority in different manner. They run as 
long as they want. The system during their processing works with certain type of 
cooperative multitasking resulting in unpredictable multitasking. 

The following graphs present response time rates (in percentage) in selected time 
ranges. 
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Figure 5. Response time distribution on low load system 

(1 Hz events – left, 10 kHz – right) 
 

 
Figure 6. Response time distribution on high load system (1Hz events) 

 

 
Figure 7. Response time distribution on high load system (10Hz events) 

 
The next two graphs compare lengths of responses on time scale during low and high 

loaded system. Figure 8 (left) shows the system behavior overload with high number of 
threads. It is obvious the response time is quite variable; however it has a certain minimum 
value. The figure 8 (right) then illustrates low loaded system with no application thread. 
The responses are mostly the same except short period. The temporarily decreased 
responsiveness is probably caused by some high priority system thread or other operating 



 719 

system device driver. The response time in this period is very similar to the high loaded 
system form figure from left side of the figure 

 

 
Figure 8. Time sample of responses for high load system – left, low loaded – right  

(10 Hz events) 

Conclusion 

Measurements of Windows CE 2.11 system responses have been done on the 
Advantech development platform. During the test a new measurement methodic with 
sufficient accuracy has been elaborated. The most important results are the maximum 
values of IST tread response. It is also important none of the events has been lost due to 
operating system unforeseen activities. In spite of the fact we didn’t encountered such case 
it is not impossible. This is the consequence of the operating system architecture and may 
significantly influence the real-time behavior of the system. 

The presented results gave us an overview of IST thread responses in the time domain. 
The not neglectable range of the results was probably caused by operating system overhead, 
which has two sources – process/thread switching with synchronization object signaling 
and the special preemption algorithms for threads with the highest priority. This fact 
imposes a condition to perform IST processing as fast as possible. If there is any long term 
data processing, we recommend spinning a new thread with lower system priority. We can 
therefore summarize testing and conclude the article with two important and general ideas: 

• Time critical operation, i.e. controller action computation, must be moved as close 
to the data source as possible, and must be performed with the highest priority. 
The device driver for data acquisition card may then contain also control 
algorithm. 

• Other operations such as data manipulation, visualization, persistence, coding and 
decoding etc. must be performed as ordinary applications. They receive data from 
low level device drivers. 

The presented results have been used in development real-time control algorithms on 
the Windows CE platform and helped us to avoid misbehavior of the system during time 
critical operations. The concluded statements also render one of the typical issues of 
Windows CE design patterns. Applications based on Windows CE can be classified as 
typical embedded applications where the border between operating system and application 
specific code is fuzzy and hard to clearly determine.  
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