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Annotation: This article examines the issues of storyboarding (disk raskadrovka) algorithms
and programs—i.e., tracking them step-by-step and applying profiling techniques—to model
processes within a control loop. In real-time systems, sampling jitter and worst-case execution
time (WCET) can significantly degrade control quality. Therefore, it is necessary to reduce
jitter and eliminate the probability of deadline misses by identifying software “hot spots,”
improving cache efficiency, and optimizing branches. During mathematical modeling, a closed-
loop system was created based on a first-order plant and a PI controller. The states before and
after storyboarding were compared, and metrics such as ITAE, overshoot, settling time, control
signal RMS, jitter RMS, and CPU load were calculated. The results showed that after
optimization, jitter RMS decreased fivefold, deadline misses were completely eliminated, and
the average CPU utilization dropped sharply. At the same time, the main indicators of control
quality were preserved. In conclusion, storyboarding and profiling software improves the real-
time discipline of the control loop, ensuring stable, energy-efficient, and reliable operation of
the system. This approach can be widely applied in industrial drives and embedded systems.
Keywords: real time, storyboard (disk raskadrovka), profiling, jitter, WCET, schedulability,
ITAE, overshoot, control loop, CPU load

Introduction

In real-time systems, the control loop is subject to strict timing constraints. Theoretically, a
controller must operate according to a specified sampling period and deliver a stable signal to
the actuator. In practice, however, unexpected branching operations, dynamic memory, cache
hits/misses, or external interrupts cause timing fluctuations. Sampling jitter and increased
worst-case execution time (WCET) degrade control performance, increase overshoot, and
extend settling time. Therefore, performing storyboard-level code tracing, profiling, timing
analysis, and identifying “hot spots” must be conducted alongside control-loop modeling. In
this study, two versions of a PID-type control applied to a first-order plant were compared: the
state before storyboarding and the optimized state obtained through profiling. By modifying
jitter and WCET parameters, the closed-loop response, control signal energy, CPU utilization,
and deadline violations were evaluated.

Materials and Methods

A first-order continuous-time system was selected as the plant. Its continuous differential
equation was written as follows.

1 K
HO=== A+~ ()
Discretization was performed assuming zero-order hold, resulting in the following form.

Nk+1=a K+ buK, a=e ¥, b=K(1—a)
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A simple PI controller was used as the regulator: measurement noise was present, and the

integral term was computed as a time-domain summation.
k

K=K~ ynlK, UK=KpelK+K;  el]T;
=0
To model the effect of storyboard (disk raskadrovka), sampling jitter and execution time were
introduced. In each cycle, the actual cycle length 7" varies; jitter was modeled using Gaussian
perturbation.
T (K=Ts+3T(K), 3T(K) MO,73)

WCET and execution time C(k) were expressed as follows, where overload impulses were
added in the activated variant.

AR=Co+|e(R|+AL(K), €(K) MO,0%)
Ac(k):{gspikea t [ta:tb]

Deadline misses were calculated using maX(O,C(k)— 7§ﬁ(k)) and the relative CPU utilization

was observed in the form (k)7 T8"(K) . Such a definition implies that values greater than “1”
indicate violations of real-time requirements.

Control quality was evaluated using the following criteria.

ITAE is the time-weighted integral of absolute error; overshoot is the peak percentage above
the steady-state value; and settling time is defined as the moment the response returns to within
a 2% band.

The energy of the control signal was measured using its RMS value.

Jitter RMS and the proportion of deadline misses reflect the real-time discipline of the

A= L MKA-MAINTs

system.  OS=max (0, "= 100)) , tys= | UK

Iss

=[5 (OTQ) MissRate =2 1{C>TE(k)

Before storyboard optimization, the jitter variance is large, and occasional strong execution-
time spikes occur. After storyboard optimization, hot spots are optimized, branch prediction and
cache coherence improve, and as a result, both jitter and WCET decrease. At the same time, the
overall utilization metric was checked according to schedulability theory; for a single task, the
criterion is simple: U=C/T,<1. In multi-task cases, the Liu—Layland bound US/?(ZU ’7—1)
provides an approximate guarantee, but in this work the primary focus was on a single cyclic
loop.

Natijalar
In the step-response plot, the reference (allowed) speed is shown in black, the pre-storyboard
response in red, and the optimized version in blue (Figure
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Figure 1. Step-response graph

It can be seen that under nominal conditions both cases appear similar due to identical plant
parameters. However, in the “before” scenario, because jitter and WCET fluctuations are
present, small deviations occur around the deadline; in a real system, this increases oscillatory
behavior and the risk of overshoot.

In the control-signal comparison plot, the red and blue curves pass through the same range, but
in the optimized case short-term sharp fluctuations are reduced; this is the result of simplifying
branches and vectorizing large loops (Figure 2).
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Figure 2. Comparison of the control signal

In the sampling-jitter graph, the spread of the red curve is much wider, while the blue one lies
within a narrow band. Before storyboard optimization, jitter RMS = 0.251 ms, whereas after
optimization it became = 0.050 ms (Figure
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Figure 3. Sampling jitter

In the control-cycle load (CPU utilization) graph, the red curve frequently exceeds the 1.0 line,
indicating a probability of deadline misses. In the optimized case, average CPU utilization is
reduced to about 0.29 (Figure 4).
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Figure 4. Control-cycle load

Because the plant is simple in the time domain, ITAE and settling time changed very little, but
the real-time discipline metrics improved drastically. In particular, the MissRate dropping to
zero and the sharp decrease in CPU_mean are significant for maintaining stable continuity and
reducing power consumption in a real system. At the same time, micro-variations of the
operating system can be explained by timing fluctuations in the code and measurement noise; in
practice, with anti-windup and filtered measurements, this indicator also stabilizes considerably.

Discussion
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Storyboard analysis and profiling improve control quality indirectly and real-time discipline
directly. The mathematical equivalent of jitter is uncertain sampling in the discrete model,
which effectively introduces “time noise” similar to measurement noise. Unexpected increases
in WCET lead to more deadline misses. Therefore, in the software optimization stage, it is
recommended to simplify branches, ensure sequential memory layout in arrays, use static
allocation, choose cache-friendly block sizes, and employ vectorized computations. For
profiling, logging cycle start—end timestamps, marking critical sections, and monitoring CPU
usage graphs in real time are useful techniques.

From a schedulability perspective, if the utilization U=C/TsU = C/T_sU=C/Ts  of a single
task approaches one, it is beneficial to divide code segments and move less frequently required
routines into auxiliary tasks. Storyboard findings also help improve the control model. For
example, by accounting for sampling variability in a practical system, slightly more
conservative controller gains, filtering the derivative term, or using a digital low-pass filter in
the measurement channel can ensure the desired performance. Introducing jitter as a stochastic
parameter in the model and evaluating performance spread via Monte Carlo simulations gives a
more complete picture of design risk.

Conclusion

Storyboarding (disk raskadrovka) algorithms and programs is an essential part of ensuring real-
time discipline in a control loop. Modeling results show that, after profiling, jitter RMS
decreased by about a factor of five, deadline misses were eliminated, and average CPU
utilization decreased significantly. This leads to stable, energy-efficient, and reliable control in
practice. The approach is suitable for industrial drives and embedded systems; future work may
focus on multi-task schedulability analysis, adaptive scheduling, and integrating online
profiling—diagnostic modules.
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