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[Abstract]

In this study, we quantitively analyze the impact of preprocessing and postprocessing stages on system performance and thermal
characteristics in NPU-accelerated edge Al pipelines. A hybrid parallelization strategy was implemented by combining ARM
NEON SIMD and OpenMP on Raspberry Pi 5 equipped with Hailo-8 accelerator running YOLOVS. The proposed methodology
achieved 2.26x speedup (24.2 FPS) and 1.77x improvement in energy efficiency when compared with thebaseline system. Notably,
preprocessing optimization alone yielded 2.14x performance gain, accounting for 90% of total improvement and identifying
preprocessing as the dominant bottleneck. Through a comparative analysis of three optimization scenarios (baseline,
preprocessing-only, full optimization), we quantified the contribution of each stage and demonstrated that pipeline balancing
reduces CPU temperature by 2.7 °C despite increased throughput. This research provides stage-specific optimization guidelines for
NPU-accelerated ARM-based edge Al systems.
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Table 1. The proposed system's software stack

Category Specification / Version

Operating System Linux (Raspberry Pi OS)

Development Environment g++ (12.2.0/AARCH64)

V4L2 (mmap), HailoRT SDK,

Core APIs & Library OpenMP, ARM NEON Intrinsics

- AT FA4: AA Ayl 2ol -03 -lhailort 4 AR,
H&sl 28 A —fopenmp -march=armv8-a+ simd,
Baseline< A% SIMD/OpenMP ALE3HA] &
& ¥ C++ F+dolH, ~fno-tree-vectorize® 3}
de] 2bE WESE vjEAgslete] Alb 7IHINEON+

OpenMP)#He] H&sl A5 apol& SA3ITh o]+ F

gde] HAgle] oJFESA| @ AL TEHeR

SIMDE 83 wjo] g35 As}slr| $gholth

=
FEE

4-2 40| A (U2)

V4L2 APIE AME3le] Pi Camera v2EFE 640x480
=] AAA GF 2EHS IS5 s gioE 2
F3S 1esle] o) ¥om YUYV(YUV 4:2:2)8 A}
|3, HH Y P or= oW =Tt 7P s MMAP 7]
LRSI Eap 2 e =

Bt 9. 78]+ select() APIE E3f By 71gAlS Selst

¥, VIDIOC_DQBUFE ZZ3le] Zee 53} o] A
Aol Az E 75star, aid ZH ¢l 9 dAe
A F= Adste] slo] il Xel & Al&gt

A8%<2 ARM NEON $4hs 913, dAe] 2 =4 91
W= posix_memalign() 5 AF8-3le] 64-bit A9

7)) w2 g] A8 (Memory Alignment)-S 535kt
4-3 M2 z|Hst 15

]

o
)
Ho]oF-(NCHW float32 X+ quantized int8)o.& W&}
= PAolt} o] gAY T8 HA A ~HY 27 =28
F(FPS)E A3t 78 Wi 840t
BTt A= o] HMAle] 42 NEON % OpenMP 7]4k
o2 HAglste, "A7} WA gpe]Zakel A A7k of
YA g8 vA= ds A o= et
A2 YUYV-RGB W3k, gjato)=, 4+3} NCHW A

WA PR, YUV-t0-RGB HE the 448 ek

AAel= AAE YUYV 92 dHo|BE Hailo-8¢] 19
5]
2

http://dx.doi.org/10.9728/dcs.2026.27.3.813

816

R=1.164(Y—16)+1.596( V—128)
G=1.164(Y—16) —0.813( V—128) —0.391(U—128)
B=1.164(Y—16) +2.018(U—128)

2

~

o ke A A S A E S AR
ke, B 9= YUV-to-RGB W3kS
ARM NEONe = H#lEglste] Hxg] HES arioz s
23kelet.

AAe ] v gAl= AatsHNormalization) 3 #lo]
o}-2- Wglo|t}. YOLOv8 EdL Q18] o]u|x|Z 6406402
IAE A= mEsEof gt o] H3l olnx|e] AV|E
33 49S 9 HEghth o]$ RGB A ks

cheo) 4 ()3} ol Aitsha.

:

%435

_ (Ppixel/255'0 —u)

P

norm

@)

[

vrleto 2 AatelE A gloleE Edo] Q78R
NCHW(Channel-First) @4} o& W& A=) gk, o]
2E 34o|A ARM NEON Intrinsics® -83H, |5z
49 9 W 2E 25/407 2A)E Fulslste] on]#] A H)
d AHPE agdor ¥y Foay HF AFs

thaked 5= itk

=
=

- NEON ##3}: float32x4_t dIAIAEIZ 434 HE A2
- OpenMP #A3}: #pragma omp parallel for= 3§ o

9 24

4-4 S 2Hs 7Y

Bounding Box ZZ=Z H3ta AlZtsls)
g dAl disiA % FAkeE HEsHE #8024, Ao}t
FAE 1 HA3} G5 2ol 7t HA| Aol W= A

== A ud 4 I E 3t} 332+ Bounding Box Ul
9, A1E % JHE, NMSE g€t

- NEON #ZA3} IoU A4HS vmaxq_f32/vming 322

HE 5}
- OpenMP # 43}

HI A Z=2) Ao
1—= 1 H

s
a3

V.

Az 3

5-1 &g AU

7} AlUe] 2.(Baseline, Pre-only, Ful)E 27} 103 =
At Adnict 108 9 & 108 SA).

YOLOv8s(11.2M 3=ha]e) e} COCO dHlolE| S AH&-3f
o AFA FRE s Optical HIL A EH ]S 535}
Ak AA dA] Al 58 FHS Yste] BFA AR =}

32



NPU 7|2 OIX| Al 7H5E 9

AL M el Hue a9l b4 el
‘EarthCam Live: Times Square 4K’ AAZE ~EgT e
1587F 2748 =3l5le] asA T faZe o2 U3 B
& AAEaL Pi CameraZt A8 ahs W21S A48k
E /\164_0_ ]:]/\:‘-_'-_gﬂ ] §]r‘§'i ZH%]' Ho}’—‘}% = E—“ﬁ]—?ﬁ&
o] IolA HzEo]l FAREI et Al
Exposure %) ko] n57]3h2 Q13 w4l i% e
Lol(Moire) §o] WA 4= it} 1ejut 7hw|eke] 43
2 24S BEHom uAgsta, oge ~EDY o 27
(A= 22 ¥3)S Baseline® 4 3KPre-only, Full) A
uel Qo e8] FA3A FHH =S SAS w7
2] wHAe] shA 7 Welo] 7+ sfo| ekl whA|e] elrkeke] 1]
A QS AE3HConstant) HH, T3l FU3 19
7 #7} Baseline @ RE HZA 3} AU Qo) TEOR A&
HEE, AuE] e At A ko] £ AAA Ade

=
s ereth

o X EQ,

(S, ]

24

olr
x

R

DAY EE

Full #&3} A] 24.2 FPSE 7]&3}o] Scalar Baseline
(10.7 FPS) tiH] 2.2681¢] 45 48 @48} 53] A
7 9= HAHsto 2 22,9 FPS(2.144W &4HE 71238
dl, o] YUV ¥3k 2 2jAtold dhAle 4] SIMD W H3}7}F +
23S AR

ZF AUl A 54 A & 29 2t

2) AY 4 g
HHslg 9% CPU -85 5712 A9

11.5W= oF 27.8% Z718ieoy, A9
1.1994] 2.102.2 1.778] /WA=

Az gt #2318k 9465.5C)7F A-FAE] B5F
st H$(62.8°C)HT} CPU €571 ¢k 2.7C o =4 =
Atk ol HA3) A] o=l HE o= CPU /-7 711l
solu 54 kT 2do] ey o get s
AT BE HA43) Ade] o] CPU 2kv 2259
AAIZKBOTC) tin] e A M5 FA15k] #4549 14

AR 9.0WollA
A &(FPS/W)2

rol,
ﬂ',
ol X

3}
5]

A EX MdsHlnEnt

¥ 2. Raspberry Pi 5 7|2+ YOLOv8s 2!

Table 2. YOLOvV8s object detection performance comparison results
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Fig. 2. Measured value distribution: Speed and temperature

. . Baseline Optimized Optimized .
Evaluation Metric WresiEee) [ — (Full) Gain

Inference Speed (FPS) 10.7 22.9 24.2 _ )
(Mean+3D) (+0.315) (+0.403) (+0.621) 2.26x speedup via SIMD/OpenMP

) 22.2% (Pre—only) / 27.8% (Full) increase
Power Consumption (W) 9.0 11.0 11.5 due to SIMD/OpenMP usage
CPU Temperature (C) 58.4 65.5 62.8 Attributed mainly to increased multi-core
(Mean+SD) (£0.976) (£1.1086) (£0.805) utilization
NPU Temperature (C) 35.7 36.3 36.9 Correlated with increased throughput

“Statistical significance was assessed using paired t—tests (n=10 independent runs). Both optimized configurations showed significant

improvements over baseline (p < 0.01).
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Table 3. Average execution time per pipeline stage (ms/frame)
S Basglirje Optimized | Optimized

(Unoptimized) (Pre—only) (Full)

Capture 2.3 2.3 2.3

Preprocessing 78.5 36.2 35.8

Inference 8.7 8.7 8.7

Postprocessing 3.8 3.8 2.5

Display 0.2 0.2 0.2

Total Latency (E2E) 93.5 51.2 49.5

*Note: Capture, Inference, and Display times are denoted as
identical values due to negligible differences (< 0.1 ms) across
scenarios. This table shows a single representative session’s values
to identify trends; please refer to Table 2 for statistical analysis.
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