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[Abstract]

As the edge Al accelerator market rapidly expands, selecting optimal hardware from diverse
heterogeneous platforms for real-time object detection has become a critical challenge. However, TOPS
(Tera Operations Per Second) figures provided by manufacturers represent only theoretical maximums
and fail to reflect real-world performance. This study empirically compares inference performance and
cost efficiency for four low-cost heterogencous edge Al accelerators: Jetson Orin Nano Super, Jetson
Orin NX, Hailo-8 M.2, and Rockchip RK3588, using YOLO-series object detection models.
Experimental results demonstrate that Hailo-8 achieved 101.2 FPS for YOLOVSs, approximately 4.6
times faster than Jetson platforms. RK3588 achieved 34.6 FPS for YOLOvV8n, outperforming Orin NX
and Orin Nano Super. In cost efficiency (measured as FPS per USD), RK3588 and Hailo-8 showed
2.2-7.8 times better performance than Jetson platforms. Notably, YOLOv10n with NMS-free architecture
exhibited poor performance on RK3588 NPU, highlighting the importance of model-accelerator

compatibility. This study provides a cost-efficiency metric framework for edge Al platform selection.
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I. Introduction
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II. Related Works

1. Edge AI Accelerator Architectures
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2. Comparison with Prior Studies
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III. Experiments

1. Experimental Setup

1.1 Hardware Configuration
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Table 1. Specifications of Benchmark Edge Platforms
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Table 2. Software Environment

Platform SDK/Runtime Precision UREE
Format
Orin NX, JetPack 6.2.2, FP16, engine
Nano Super TensorRT 10.3 INT8 -€ng
RPi 5 + .
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0 pi RKNN-
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Table 3. Model Availability by Platform

Model Ot l\?ar:\no R.’Pi N Olr;:nge
NX Hailo-8 M.2
Super Plus
YOLOv5n | Available | Available | Unavailable | Available
YOLOv5s | Available | Available | Unavailable | Available
YOLOv8n | Available | Available | Unavailable | Available
YOLOv8s | Available | Available Available Available
YOLOv10n | Available | Available | Unavailable | Available
YOLO11n | Available | Available | Unavailable | Available
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2, Inference Performance Results

2.1 Performance Comparison
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Table 4. Jetson GPU Inference Performance (FP16, FPS)

Platf LY
arorm vbn v8n v8s v10n viin
Orin NX 32.1 314 22.1 30.7 30.6
Orin Nano 1 59 | 280 | 191 | 272 | 27.2
Super

Table 5. NPU Inference Performance (INT8, FPS)
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atorm vbn v8n v8s v10n viin
RPi 5 +
Hailo-8 M.2 101.2
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Fig. 1. YOLO Model Inference Performance by Platform (FP16)
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Table 6. Orin NX FP16 vs INT8 Performance (FPS)

Model FP16 INT8 Gain
YOLOvV5n 32.1 338 +5.3%
YOLOv5s 23.2 29.3 +26.3%
YOLOV8n 314 335 +6.7%
YOLOv8s 221 27.7 +25.3%
YOLOv10n 30.7 - -
YOLO11n 30.6 33.6 +9.8%

Table 7. Orin Nano Super FP16 vs INT8 Performance
(FPS)

Model FP16 INT8 Gain
YOLOv5n 28.9 31.0 +7.3%
YOLOv5s 20.8 25.6 +23.1%
YOLOv8n 28.0 30.7 +9.6%
YOLOv8s 19.1 245 +28.3%
YOLOv10n 27.2 - -
YOLO11n 27.2 30.2 +11.0%

Fig. 2= Orin NXof|A FP161} INT8 U= FPSE

vlwst Ziojtt. small 2 (YOLOvbs, YOLOv8s)ofA]
25-26%°] 2 ‘d5 o] WAH ¥MH nano R
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50

40 +5% +7% +10%

FPS

YOLOv5n
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YOLOv8s YOLO11ln

Fig. 2. FP16 vs INT8 Performance on Orin NX
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2.3 Detection Accuracy (mAP)

dreto] wpe WEw waks 2AsP] 95 COCO
val2017 to]El4(5,000 olul])ollAl mAP50-95% 57
5tit}. Table 82 Jetson 132 U= mAP 2t
= HoEn

Table 8. Detection Accuracy on COCO val2017
(mAP50-95)

. Orin Nano
Model Ot (X< Drop Super

FP16 INT8 FP16 INT8

YOLOv5n 28.0 25.1 -2.9 34.0 -

YOLOv5s 37.1 35.6 -1.5 42.7 -
YOLOv8n 373 36.0 -13 37.1 36.2

YOLOv8s 449 434 -1.5 44.8 -

YOLOv10n 38.5 - - 38.3 -

YOLO11n 395 38.1 -1.4 39.1 -
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Fig. 3. FP16 vs INT8 Detection Accuracy (COCO val2017,
Orin NX)
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2.5 Latency Distribution Analysis

S8 AAARI) B2 442 FMs7] Hsl 2 2%
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108 ZF7F Orin NX9QF RK35889] RElHH X|HAIZF ExE
H| St Zlo|ct,

SE 7t AAARZE RN £

=5
t}. Orin NX(TensorRT)L 0> oA j,?_] XA 7 B

RK3588(RKNN)-2 P95-P50 #to]7} 8-13ms& ATjAl 0
2 42 21 E Yt} o)== TensorRT9 GPU AAIEH
o] RKNN NPU tfjy] o g & AR Aled=s U
Epdict.

RK358804] YOLOv8no| B+ 28.88ms& 71 e
AAXRE B oL, P95 R|HAIto] 36.73ms=Z AAIE
2] 7]12(30 FPS, 33.3ms)S xustict. ¥ Orin NX

oAl YOLOv8n INT82] P957} 30.62ms& AlA|7t 7%
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Table 9. Orin NX Latency Distribution (INT8, N=300)

Model AVG P50 P95 P99
(ms) (ms) (ms) (ms)

YOLOv5n 29.55 29.44 30.31 30.37
YOLOv8n 29.85 29.78 30.62 30.91
YOLOv8s 36.13 36.30 37.19 37.53
YOLO11n 29.76 29.54 31.04 32.94

Table 10. RK3588 Latency Distribution (INT8, N=300)

Model AVG P50 P95 P99
(ms) (ms) (ms) (ms)

YOLOv5n 35.56 34.60 4409 47.46
YOLOv8n 28.88 27.93 36.73 40.46
YOLOv8s 47.58 46.21 59.69 64.88
YOLOv10n 76.98 76.86 80.70 82.93
YOLO11n 32.67 31.57 41.22 4481
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3. Cost Efficiency Analysis

3.1 Cost Efficiency Metrics
vl& 284 Ae Hdll & 7 RlwE
AR, 2219 FPS(FPS per USD)= stEgo] &) v]&
Oy] 22 452 Uepdct E4), TOPSY FPS(FPS per
TOPS)= 574 it 4 tiEl EAl 2852 e

Table 112 YOLOv8s 7|& 4% Z31£0] v]& g8/

Aolsiart.

B4 Askg woigrt
Table 11. Cost Efficiency Analysis (YOLOv8s, Default
Precision)
Price
Platform (USD) FPS FPS/USD | FPS/TOPS
RPI 5 * ~350 | 1012 | 0289 3.89
Hailo-8
Orange Pi | 439 | 210 | 0151 3.50
5 Plus
Orin Nano | 50 | 491 | 0077 0.29
Super
Orin NX 599 22.1 0.037 0.22

Fig. 4= YOLOv8s 7|& 4% Z21Z0] FPS/USDE A
Ziskst Zlo|ck. NPU 7|¢t Z21Z(Hailo-8, RK3588)9]
GPU 714t Jetson E3% OjH] X5 =2 & 2842
Ho|i, £3] Hailo-8& 0.289 FPS/USDZ %1l §8&
715513

0.351

0.289

0.30+

FPS / USD
o o
TN
e

o
=
o

0.05+ 0.037

0.00-

Hailo-8

RK3588 Orin Nano Super Orin NX
Platform

Fig. 4. Cost Efficiency Comparison — YOLOv8s (FPS per USD)

YOLOv8n 7% 3% Z2hZ(Hailo-8 A|Q]) Bl ZAab=
Table 129} Zt}. Fig. 5% YOLOv8n 7|%& FPS/USDE
HojZnj, RK35880] 0.249 FPS/USDZ 7/} =2 H|&
Haort

= 0 3o
E}gi

Table 12. Cost Efficiency Analysis (YOLOv8n, 3 Platforms)

Price
Platform (USD) FPS FPS/USD | vs Jetson
Orange Pi | 130 | 344 | 0249 2.2-4.7%
5 Plus
Orin Nano 249 28.0 0112 baseline
Super
Orin NX 599 314 0.052 0.47x
0.301
0.5 0.249
A 0.201
[%p]
=
> 0.15
o
(N
0.101
0.051
0.00-

RK3588

Orin NX

Orin Nano Super
Platform

Fig. 5. Cost Efficiency Comparison — YOLOv8n (FPS
per USD)

YOLOv8noAl:e. RK35880] 0.249 FPS/USD=Z 7H&t
=0 ¢|8 5842 ¥ on] Orin Nano Super(0.112
FPS/USD) ty] 2.28}, Orin NX(0.052 FPS/USD) Tjy]

4.78) S25tAC}

3.2 Analysis Results

NPU Z=21Z(Hailo-8, RK3588)0] GPU Z21Z(Jetson)
oiE] B8 as/dold A3 4= EJth
Hailo-82 0.289 FPS/USDZ Orin NX(0.037 FPS/USD)
Tjju] 7.8}, RK35882 0.151 FPS/USDZE 4.18f =2 H|
2 384e 7=ty

O A}

Orin NX

Orin Nano Super
Hailo-8

RK3588
YOLOv8n
YOLOv8s

100! =Hailo-8 (101.2)

80/
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40 RK3588 (34.6) Orin Nano
o, Super (28.0)
Orin Nano

®Super (19.1)

.Orin NX (31.4)

20 ®RK3588 (21.0) ®Orin NX (22.1)

0 20 40 60 80 100
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Fig. 6. Nominal TOPS vs. Actual Inference Performance
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Fig. 62 34 TOPS®} AlR| 52 A5(FPS) 719)
2 AES Ueld Zojch Y A 4 2
U FPS7} ulefstel 571sx] gtooi, o
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4. Model-Accelerator Compatibility

Table 404 YOLOv10n®] RK3588 /d5(13.0 FPS)o]
ohe 28(28-35 FPS) OfH] 62.4% =2 2l &g &
otk YOLOvIo2 7|2 YOLO =HEy <Y
NMS(Non-Maximum Suppression) 3X2]S A5t
NMS-free OoP|Eixlg Aistn gtk o E:
end-to-end &%30] 7I55lth= R0 )lou), RK3588
NPU9] RKNN #EjQJoflA g&Xoz ZFGE|A] of= A
02 UEPT
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oe 2499 fARRE 52 EQlth o= TensorRT7}
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2719 28 250l BARYL A

5. Platform Selection Guidelines

£ A7 ATS Hlgo 2 9§ wujoid s e v}
o]E2jQl5 Table 130 AA|gHT.
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o] D st 7 G-A/ g HEjAT -5t 42 Jetson
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IV. Conclusions

2 AFollME AulE o7]F A Al 7HE7] 4%
(Jetson Orin NX, Orin Nano Super, Hailo-8, RK3588)
< ez YOLO 7|¥t ANER] Ya2E0] & 45
1} g 384 vl FAGHIT ZF ZSiE0A 3002
v EACeA ¥E)E a3s%en, £ A+ Ay}
+ Oa Ao

AR, 722 AsoA NPU ZhEo0] EA Z7I0A
GPUE &7tst9th Hailo-82 YOLOv8s(INT8) @ =
o 7]1&202 101.2 FPSE 7]25}9] Jetson THH] 4.6Hf b}
2 M9 Hact o, o] Aik= Hailo Model Zoo2] At
A 2|Aghe HEF wpdo] 7|8kt Aoz, g 220
gutgtoll= #7t 745o] Basitt. RK35882 YOLOvSn
ofA] 34.6 FPSZ Orin NX(31.4 FPS)2} Orin Nano
Super(28.0 FPS)E =7}stoict.

=M, H& 288(2TF FPS)olA NPU E3iF0]
GPU ofy] 9435tk YOLOv8s 7]1& 4% H|wofA

Hailo-8-2 0.289 FPS/USD, RK3588< 0.151 FPS/USD
£ 7]25}9] Jetson Orin NX(0.037 FPS/USD)S & &0

Table 13. Platform Selection Guidelines by Application Domain (Speed/Cost Criteria)

Appllcat.lon Priority CEmeIEE Rationale Additional Considerations
Domain Platform
High-Speed Processing | Performance RPi 5 + Highest FPS based HEF model contraints, power
(100+ FPS) First Hailo-8 on YOLOv8s verification required
Low-Budget Cost First Orange Pi $139, Highest FPS/$ Model—a.r,jcelt.erator cc?mpatlblllty
Project 5 Plus pre-verification required
General Purpose Orin Nano
/ Development Flexiblilty TensorRT ecosystem FP16/INT8 precision selectable
Super
& Research
Industrial Use Stability Orin NX 16GB, industrial-grade case | High initial cost ($599)
SeL . . NMS-f ther lastest
Lastgst Mod.el Compatibility | Jetson Series | Full architecture support S. ree and o er. as es
Experimenation architecture compatibility
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