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Efficient evaluation of transcendental functions like sine, logarithm, and square root is critical in
Edge and 1oT devices, which often lack floating-point hardware and operate under tight power and
memory constraints. This paper explores two classic yet highly efficient techniques—CORDIC
(Coordinate Rotation Digital Computer) and Look-Up Tables (LUTs)—for implementing special
functions in Arduino based embedded systems. A polynomial error model is proposed to compensate
for CORDIC approximation errors when using a limited number of iterations, enabling accurate
results even on simple microcontrollers. LUT-based methods are evaluated for fast logarithmic and
exponential approximations. Experimental results demonstrate that both approaches are suitable for
resource-constrained applications, offering an optimal balance of speed, accuracy, and hardware
simplicity for on-device signal processing, normalization, and Al preprocessing in Edge systems.

CORDIC u LUT-6a3upana peanuzayus Ha cneyuainu mamemamuyecku yynxyuu 3a Edge u
IoT ycmpoiicmea (I'eopeu Kocmaounoe Ilempog). B ycnosusma na ocpanudenu us4ucaumennu
pecypcu u aunca Ha xapoyepeHr mooyn 3a niasawa 3anemas, Edge u loT ycmpoticmeama usuckeam
epexmuenu  Memoou 3a USYUCAEHUe HA MPAHCYECHOCHMHU (DYHKYUU KAmo CUHYC, KOCUHYC,
APKMAH2EeHC, 102apumsvm U KopeH keaopameH. Hacmoawama cmamus pasenedxcoa 08a ymevpoeHu
nooxoda, xoumo He usuckeam niasawa 3anemas — CORDIC aneopumvma u memooume c
npedsapumentno usyucienu madauynu cmounocmu (LUT). Ilpeocmasenu ca npaxmuuecku
peanuzayuu na CORDIC 6 pomayuonen u 6eKmopeH pedicum, KAKmo u NOIUHOMUANLEH MoOen 3a
KOpeKyus HAa 2pewKama Npu NpUOIUNCeHU CUHYCOUOATHU (YHKYUU. AHAIU3UPaHU ca pasiudHu
cmpamezuu 3a uzepaxcoane Ha LUT mabauyu, SKmOYUMENHO KOMNpecus U UHMepnoiayus, c yel
MUHUMATEH 00eM U GUCOKA MOYHOCH. [[eMOHCmMpUpanu ca KOHKpemHu NPULodCeHUs 8 2eHepayus Ha
CUHYCOUOU, TOSAPUMMUYHA HOPMATUIAYUSL U U3HUCTIeHUe Ha enmponus. Pesyimamume nokazeam, ue
CORDIC u LUT nossonasam Haoexcoua, 6vp3a u eHepeuiino ehexmuena peanuzayus Ha Kioyosu
@dyHKyuU, HANBIHO cvemecmuma ¢ Mukpoxonmponepu oe3 FPU (nanp. AVR, Cortex-M0, STM32G0).
Ilooxo0vm e npunosicum @ peannospemesu Edge cucmemu 3a 06pabomka Ha cucHalu, ynpasienue u
sepadenu Al ancopummu.

Introduction

Edge and Internet-of-Things (IoT) devices are
increasingly used in applications that require real-time
signal processing, control, and inference directly on
low-power microcontrollers. These systems typically
operate under strict resource constraints, including
limited RAM and Flash memory, absence of hardware
floating-point units (FPUs), and tight energy budgets.

Many core computations in such systems rely on
transcendental functions such as sine, cosine,
arctangent, logarithm, square root, and exponential.
However, classical methods for computing these
functions—based on floating-point arithmetic or math
libraries—are too slow and memory-intensive for
embedded systems without FPU support.
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To address these limitations, two algorithmic
families stand out: the CORDIC (Coordinate Rotation
Digital Computer) algorithm and LUT (Look-Up
Table) - based approximation. CORDIC provides a
hardware-efficient iterative method to compute a wide
range of functions using only additions, bit shifts, and
stored angle constants. LUT techniques, on the other
hand, offer near-instant computation for selected input
ranges by precomputing and storing function values.

This work is focused on efficient implementation of
CORDIC and LUT methods for computing special
functions in edge computing environments. The
CORDIC algorithm, first introduced by Jack E. Volder
in 1959 [1], enables computation of trigonometric and
other functions using only additions, shifts, and table
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lookups—making it highly suitable for hardware-
limited systems. It was later generalized by John S.
Walther to support hyperbolic and linear functions as
well [2]. Here is presented a practical optimization of
CORDIC for sine calculation, including a low-order
polynomial error model that significantly increases
precision when using a reduced number of iterations.
In parallel, we analyze memory-performance trade-offs
in LUT-based logarithmic approximations. All
proposed  techniques are  implemented and
benchmarked on platforms such as STM32 (Cortex-
M3/M4) and AVR (Arduino), demonstrating their
viability for real-world embedded applications.

CORDIC Algorithm and Sine Approximation

The CORDIC algorithm provides an efficient
method for evaluating elementary functions using
only additions, subtractions, bit shifts, and
precomputed angle constants [3]. This makes it ideal
for embedded platforms.

CORDIC operates in different modes—circular,
linear, and hyperbolic—depending on the function
being computed. In rotation mode, the algorithm starts
with a vector aligned along the x-axis and iteratively
rotates it toward a target angle 0. For sine and cosine
computations, this process can be expressed using the
following iterative formulas:

-1

(1) Xi+1=xi—dryz'2
() Yirr1Zyitdix2 ™
(3)  z,1=z—d-arctan(2 )

where di=sign(z), and the initial values are:
e x0=K, the CORDIC gain constant,
* yo=0,
e 70=0 (input angle in radians).

After a fixed number of iterations N, the final
output values approximate:

o xn~K-cos(0)
o yw=K:-sin(0)
Here, the gain factor K is given by:

N-1
k=[] 1/v[1+27%)
i=0

For large N, this converges to approximately
K=0.60725. In practice, K can be precomputed and
either factored into the initial vector (pre-scaling) or
applied as a final correction.

(4)
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CORDIC with Reduced Iterations

To reduce computational load, especially on ultra-
low-power microcontrollers, CORDIC can be
configured with fewer iterations (e.g., 2 to 6) see Fig.
1. However, this leads to noticeable approximation
errors, especially for angles in the range [50°, 90°],
where the staircase effect becomes more pronounced.

--- float32 sin
—— CORDIC 2 nT.
CORDIC 3 #T.
—— CORDIC 4 uT.
—— CORDIC 6 uT.

] 1 2 3 4 5 3

Fig. 1. Illustrates this behavior, comparing the standard
math.sin(0) function with a 2-6-iteration CORDIC output
over the range 0°-90°. The CORDIC result overshoots the

true sine curve, especially near 90°, due to accumulated
angle quantization errors.

To compensate for this limitation without
increasing the number of iterations, we introduce an
error modeling approach described in the next section.

Modeling CORDIC Error with a Polynom

The approximation error of the CORDIC algorithm
becomes significant when the number of iterations is
reduced, especially for angles in the range of 50°-90°.
To improve accuracy without increasing iteration
count or memory usage, we introduce a polynomial
error correction model [4]. The absolute error between
math.sin(0) and CORDIC is computed offline and
approximated using a third-degree polynomial:

(5) E(Q)Na0+a1-9+a2-92 +a,6°

In this implementation, based on a 6-iteration
CORDIC, the fitted coefficients are:

e a9= 0.0018
e a;=-0.00060
o a= 35x10-5

e a3;=-5.0x10-8

This error estimate can be subtracted [5] from the
raw CORDIC output to obtain a significantly more
accurate sine value:

(6) SIN coRrrECTED (9>: SN corprc (9)_ € (9)
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Figure 2 shows the absolute error before and after
correction. The polynomial €(0) tracks the systematic
error closely. After applying the correction, the error
is reduced from over 0.01 near 90° to below 0.001
across the entire domain [0°, 90°]. Despite the
additional polynomial computation, the correction
introduces negligible overhead. The overall execution
time remains within a few microseconds of the
uncorrected CORDIC implementation [6], while
achieving an order of magnitude improvement in
accuracy. This makes the corrected approach highly
suitable for real-time embedded applications where
both speed and precision are essentia.

—— math.sin(@)
ke ‘ ~=- BRIC CORDIC + Kopexuns
2 A o 52 Knackieckin CORDIC + kopek

(1] 50 100 150 200 250 300 350

Fig. 2. Polynomial correction reduces the CORDIC sine
error from ~0.01 to <0.001 across the 0°-90° range.

To create a practical correction model for the
reduced-iteration CORDIC implementation, we
performed systematic error modeling using Python. A
series of test angles 6€[00,900] were evaluated using
both the reference math.sin(6) function and our 6-
iteration CORDIC implementation. The resulting
absolute errors were computed and fitted using the
numpy.polynomial.Polynomial.fit() method.

Model was trained on a dense set of uniformly
spaced input angles and selected a third-order
polynomial as a balance between accuracy and
computational cost. The fitted polynomial coefficients
were extracted and implemented as a static correction
function in embedded C code. This method enables a
lightweight runtime correction without increasing the
number of CORDIC iterations, and with negligible
performance impact (1-2%).

The Python toolchain used for error analysis and
fitting is provided in the accompanying script
BRIC_CORDIC.py, which also includes plotting and
export routines for deployment in fixed-point systems.

Error and Timing Results

To evaluate the effectiveness of the polynomial
correction, we compared the CORDIC output (with
and without correction) to the reference
math.sin(0) function. Table 1 shows the absolute
error for selected angles across the range [0°, 90°].
Without correction, the error reaches up to 0.014 near
90°, while the polynomial-corrected output stays
below 0.001.
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Table 1
Accuracy of CORDIC sin(6) Before and After Correction

math.si
0° CORDIC Error Corrected Error
n Corrected

10 0.1736  0.1748 | 0.0012| 0.1737 0.0001
30 0.5000 @ 0.5060 0.0060 | 0.5003 0.0003
60 0.8660 @ 0.8761 0.0101 | 0.8665 0.0005
90  1.0000 1.0140 0.0140 | 1.0013 0.0013

These results confirm that the polynomial
correction maintains the high execution speed of the
base CORDIC method, while significantly improving
accuracy see Figure 3, 4, 5, 6. The corrected version
runs only ~5-20 ps slower depending on the platform,
which is acceptable for real-time tasks in edge
applications.
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Fig. 3. Speed gain in us using using classic math.sin(x)-
horizontal green line, red line shows CORDIC error and
bue line shows time in us for 5-16 iterations.
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Fig. 4. Absolute error in % distributed between sin(x) 0-2pi
on CORDIC generated SIN(x) - 32bit, substracted from
clasic math.sin(x) float32.
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Fig. 5. Absolute error distributed between sin(x) 0-2pi on
CORDIC generated SIN(x) - 16bit, substracted from clasic
math.sin(x) float32.
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Fig. 6. Absolute error distributed between sin(x) 0-2pi on
CORDIC generated SIN(x) - 8bit, substracted from clasic
math.sin(x) float32.

Look-Up Table Approaches for log:(x) and
exp(x)

In addition to iterative methods like CORDIC,
many special functions can be efficiently implemented
using Look-Up Tables (LUTSs) [7], particularly when
memory is available and deterministic execution time
is required. LUT-based approaches [8] are ideal for
functions with monotonic and smooth behavior, such
as logarithms, exponentials [9], and normalization
operations. We implemented logx(x) using
precomputed tables with 1024 entries in the range
x€[1,2), and a simple base-2 range reduction:

(7 log, (x)=log, (m-2k)=log2 (m)+k

where me[1,2)

Here, the fractional part logifoh(m) is retrieved
from a table using linear interpolation, while the
integer part k is extracted from the exponent bits of
the floating-point representation (or via fixed-point
normalization).

LUT Implementation Details
Table: log2 Iut1024[], implemented as a const
float array in Flash
e Input: normalized to [1, 2)
e Index: 10-bit fractional part — table index (0—
1023)
e Interpolation (optional): based on residual bits

(3)
log, (x)~LUT[i]+(x—x, }-(LUT[i+ 1]-LUT|i]

This method achieves a typical error below +0.002
without interpolation, and below +0.0005 with linear
correction.

Timing Results

On STM32 and AVR platforms, LUT-based
log2(x) executes 10x to 30x faster than math.logx()
from standard libraries Table 2. Results for logz(p) are
particularly  relevant for on-device entropy
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computation and histogram normalization in vision
and ML pipelines [10].
Table 2

Performance of log,(x) via LUT

Platform Method Time (us) Max Error
STM32F103 math.log2() ~280-400 <le-6
STM32F103 LUT (1024) ~12 +0.0018

~1800—
AVR2560 math.h 2500 <le-6
AVR2560 LUT (1024) ~120 +0.002

Practical Use Cases

Most microcontrollers used in edge and IoT
systems lack hardware support for floating-point
arithmetic and do not provide logy() as part of their
standard libraries. To address this, we extract the
base-2 logarithm using integer-based methods.
Specifically, we decompose the input xx into its
exponent and mantissa:

©) login(x)=e + logifob(m)
where x = m-2¢, m€[1,2)

The exponent e is obtained directly from the binary
representation of float x, and the mantissa is
normalized and passed through a LUT-based or
polynomial approximation of logi/ob(m). In systems
without floating point, integer-only implementations
are also possible using bit shifts and counting leading
zeros. This strategy enables efficient computation of
entropy, normalization, and gain control on ultra-low-
power embedded platforms.

Entropy calculation:

N-1
(10) H=— ) pxlog,(p,)
i=0
Log normalization:

Fast gain control: in audio and sensor systems

LUTs are especially attractive in systems with no
FPU, where log computation [11] via CORDIC (in
hyperbolic mode) would exceed convergence range or
require significant bit depth.

To evaluate the practical accuracy of LUT-based
logz(p) in entropy computation, we tested the method
on four representative discrete distributions: uniform,
Gaussian, exponential, bimodal, and Laplacian
(sausage). For each histogram, we computed the
Shannon entropy Figure 7:
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Figure 8 compares the computed Shannon entropy
values for four different probability distributions using

©9).

"'\“”77"3\'?’6\’("‘8’%\.@Q“Qq’\bc’»é\»{oq@\é’ﬂc’r{;\ﬁf’q?\»f;’
-2

4

Expo

— Gaus
Uniform

= Bimodal

6
-8
-10

-12

Fig. 8. Shanon Entropy Values (Ground truth vs LUT)

This comparison shows that the LUT-based
method achieves near-identical entropy values, with
interpolation further reducing the error.

Figure 9 shows the absolute error in entropy
computation using the LUT-based 10g,(p) for each
distribution.

e=[H o —Hpyr |

(12)

The maximum observed error remains below
probabilities +0.005, demonstrating that LUT-based
entropy is accurate enough for embedded ML and
real-time inference tasks.
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Fig. 9. Entropy Error per Distribution

Figure 9 illustrates the absolute entropy error
across five representative probability distributions
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when using LUT-based log: approximations for
histograms that have 256 bins (for image processing).
Although the relative error can appear non-
negligible—especially for sharply peaked or highly
skewed distributions—such deviations remain within
+0.005 bits, which is well below the sensitivity
threshold of most embedded image and signal
processing algorithms if{p;<0.005, p;=0). For practical
purposes in real-time Edge Al and entropy-based
analysis, this level of error has negligible impact and
does not affect classification, thresholding, or adaptive
control decisions.

Execution Time

Table 3 shows the execution time (in
microseconds) for computing logz-based entropy on
four representative distributions using different
optimization strategies. Using global variables or
inline LUT access provides the best performance (~91
us), while even the standard LUT implementation
outperforms the classical math.log() functions by
over 30%. Linear interpolation introduces a slight
overhead, but with better accuracy, as seen in Fig. 7.

Table 3

Execution Time (us) for log:(p) Entropy Evaluation Across
Distributions on Arduino Mega
Method Bimodal Uniform Exponential Gaussian

Classic

log()/ 205 212 204 204
loga()

LUT 138 138 130 130
LUT with

global 91 91 91 91
variables

LUT with
inline access

LUT + linear
interpolation

91 91 91

140 140 132 132

Conclusion

This paper presented two efficient techniques for
implementing special mathematical functions in Edge
and IoT systems: the CORDIC algorithm and Look-
Up Tables (LUTs). Both methods are well-suited for
embedded environments with limited memory and no
hardware floating-point support.

The CORDIC algorithm was shown to provide
accurate approximations of trigonometric functions
using only additions and bit shifts. We demonstrated
that, even with a reduced number of iterations, high
precision can be maintained through a simple third-
order polynomial error model. This approach allows
microcontrollers like AVR or Cortex-M0 to compute
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sin(0) with errors below 0.001, while keeping
execution time well under 100 ps.

LUT-based techniques were applied to functions
like logz(x) and exp(x), which are commonly used in
normalization, entropy calculation, and probabilistic
inference. We showed that a 1024-entry LUT enables
sub-millisecond entropy computation with error
margins below 0.01 bits across various distributions.
Linear interpolation further improves accuracy with
minimal performance penalty.

Overall, both CORDIC and LUT methods provide
a reliable foundation for computing transcendental
functions in real-time embedded applications. They
offer an excellent trade-off between speed, precision,
and hardware simplicity, making them highly suitable
for local signal processing, Al preprocessing, and
control systems in next-generation Edge and IoT
devices.
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