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[Abstract]

In this paper, we propose a multiprocessing-based parallel pipeline architecture for robust real-time
implementation of multi-target designation and tracking algorithms in embedded environments. While the
demand for on-site complex Al vision is surging in advanced industries, real-time processing on
resource-constrained embedded systems remains a significant technical challenge. The proposed
architecture addresses this by separating pre-processing, inference, and post-processing into independent
processes, enabling frame-level parallelism. Furthermore, it efficiently distributes computations across
CPU, GPU, and NPU resources to minimize idle time and improve overall throughput. On the Jetson
AGX Orin platform, the architecture achieves an 88% improvement in FPS compared to a
single-process baseline with stable enhancements in tracking accuracy. In contrast, on a server using the
TensorRT runtime, performance gains were limited due to conflicts with its internal optimizations. These
findings demonstrate that our architecture enables the on-device implementation of complex vision Al
models without high-performance servers, making it a key technology for applications such as

precision-guided weapons and autonomous drones.
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Algorithm 1 Multiprocessing-based Parallel Processing
1: Initialize quenes: Qpre. Qinfers @post

2: Launch three parallel processes:
3: function PREPROCESSINGPROCESS
4: for each frame index t =0,1,2,... do

5: Fy + ReadNextFrame(t)

6: P, + Preprocess(Fy)

T: Qpre-put( Py, 1)

8: end for

9: end function

10: function INFERENCEPROCESS

11: while True do

12: Peek next item in Qe to get ¢
13: if t —1 >0 then

14: (Pf7|‘ |’) — (2],,-‘.,3‘91;()

15: I,y + Inference(P;_y)
16: Qinger-put(fy_q,t)

17: else

18: Skip and continue

19: end if

0: end while

1: end function
2: function POSTPROCESSINGPROCESS

[

(LR R

3: while True do

4 Peek next item in Qg to get t
25: if t —2 >0 then
26: (It—2,t) + (J'lnfc‘r-gEt()
27 Ri_» « Postprocess(l;_o)
28: Qpost put(Re—2,t)
29: else
30: Skip and continue
31: end if
32: end while
33: end function

Algorithm 1. Multiprocessing—based parallel processing

pseudo—code
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Table 3. Performance comparison of single-process

(SP) and multiprocessing (MP) structures on GPU

(RTX 3090) and embedded (Jetson Orin) environments across multiple evaluation metrics.

On-GPU On-Board
(RTX 3090) (Jetson Orin)
CUDA TRT (FP32) TRT (FP32)
SP MP SP MP SP MP

Sub Acquisition Range Mean (m) 3543.25 3543.25 3543.25 3543.25 3543.25 3543.25
Sub Acquisition Range Std (m) 888.88 888.88 888.88 888.88 888.88 888.88
Switching Success Rate (%) 0.85 0.85 0.85 0.86 0.86 0.86
MAIN Acquisition Range Mean (m) 2030.93 2019.02 2031.49 2017.86 2032.03 2020.11
MAIN Acquisition Range Std (m) 334.27 337.79 334.36 336.46 333.82 337.99
Main RMSE (pixel) 8.91 8.17 9.14 8.24 9.33 8.36
Main Error Mean (m) 1.02 1.14 1.00 1.26 1.12 1.18
Main Error Std (m) 1.34 1.62 1.30 1.70 1.50 157
Main Tracking Success Rate (%) 0.66 0.76 0.64 0.77 0.63 0.76
Main £1m Accuracy Rate (%) 0.89 0.91 0.90 0.90 0.90 0.90
Main Stability Rate (%) 0.84 0.83 0.83 0.85 0.85 0.85
Frames Per Second (FPS) 64.92 65.77 77.07 71.69 25.80 48.63
MP S A& Al Ax2|et SA7t He megAlag 7 V. Conclusions
2EHA QIeRde AAet Fer SR ZaAA
7t goje] MY x|ddo] Ao 2 374 Ak&siary 1w wwolde dHHE SN g B A U F
A3} FPS7} Q5]2] 7HAsI9TH77.07-71.69, -6.9%). 3t A Fi2ES MO o5ty ¢feh HE|Z2AA
9 Jetson Orin YH|TIE S0 ot Aupyt aky] 719 ¥ oozl 25 Akl Alhd A2+
Atk JetsonS CPU-GPU-NPUZ} @] SoCo] Edtel 71 KA, &8, 242 GAS 53 Z2AAR F2fstl,
22, Tl ZEHA 7)FE oM 2t Afgdo] axpdo  ZRAA ZF fHqueue)S E3H HIOEIE AEHORN T
2 7]k b0 Sol &-8o] Ut} Teju MP 1xo]  ElY ©Q B A2E At olF Sl AAF A
XL CPU, NPU, GPU7} W2 =xtsluin Al 08 x| 9 7F AR 2lasshl, AA| AlA] A& ES &
7to] 37 2911, o] &7} TensorRT Alsje] IPC on]  Al7lE 23S 2735H%lt A 2t Jetson AGX Orin
Slowch @R 3 ARgstich 1 An FPS7} 25.800)  7IRF YHIHE $F0M= FPS7E oF 88.4% FEHE &
X 48.630.2 OF 88.4% BFAIE|Ql oM, o]: Jetson 34 BARVE FWoIM T R BYlod, S QAL
o] MP 2&7} AAIZHY stuof AAA ] o|&le Algst A 58 AHE 5 78 AR E MIHQL 50l
S Hojzch ol zmAol Al 0xHMain RMSE)=  HUSICH BHH, M $79] TensorRT 7] AsYo]A
9.330]A] 8.3608 7rAsi9iy, WF QiAHMain Frror © WP ZAet pxot BEIm2AY 19 5& A A
Mean)9} E&HxHMain Error Std) 9A] obgmoz o o 59 YTC= FPS7} Q3] Hashs /o] LER
K]Q?il:} %—SB‘ /\(')14;'—% K]E(Majn Tracking Success QD:], o]% 6}510'-“01 :rLZ‘Q——@f %jE}Ocln %J\(joﬂ E} Hg%j -+
Rate)= 0.630]4] 0.760.2 aAlE|olon], =ux Aate 29 it F2td & Qg3 AR
(Main +1m Accuracy Rate) 3t B& JL7Fof|A] OPIA] TYRoz, & d4e TEHRER 7YY g XY g2
o2 Ox|goit} o] MP 1L%&7} Jetson oA Az] &S YHIHUE AAR] HARICR HEE 4 Sl 2
Sewot ohe} Fx FUeet by Almolie g WRH PAA SiES AASIEON, CPUTGPUNPU 1
= S AlsEs Qujsitt. oIE AHE BERloR 8 ¥HE XN &7 AA

Z£38¥5}01, CUDAQ} TensorRT] THl mayA 71& 4 APt S A 2T 4 a2 28z ¢
L Az xjo], 12|17 A GPUSL Jetson SoCo] st=go] SR ol 22 S ANet A4S A2E 2F2
2% o7} MP 1Lx0] AT} ARSIt Afu] stojx  BER 1R &g Jlog, utE udd Af2]9f
L TensorRT7} &2 maA|A 71ZojjA olu] &|&s & A 7IWE FAshk= oS 7t
B3] o]2o]x 9o} MP &7} Q5|8 2ajsp Atasjo  EST ARMH FEE AP Y FAEY o2t ARe S
o, Jetson SO THl maAA 71X H|§gAo] 3 AUREAE ZAL AU AL 5 THR AR A
714 MP 7&0] Was} o]&o| 34 Ueht ZHolr} e v 8oz Y 7ot ARH AR &30
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