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Abstract

The number of the elderly and visually impaired populations is increasing year by year. Their travel
safety and independent mobility have long become important social issues. Traditional walking
sticks and blind sticks generally only provide basic support, lacking the ability to handle complex
environments or sudden dangers. In this context, integrating multiple technologies and responding
to national calls, we have developed an intelligent crutch with environmental perception, precise
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positioning, intelligent guidance, and safety warning functions. It addresses five key dimensions:
multi-dimensional accurate perception of obstacles in complex scenarios, age-friendly product design
and human-computer interaction, high-precision indoor and outdoor navigation and positioning,
hardware system design with long battery life requirements, and cost reduction for industrial imple-
mentation. Specifically, we adopt solutions such as YOLOv7-tiny model, NLG technology, DeepSORT
algorithm, and design the overall power supply system architecture to solve these problems one by
one, contributing to addressing the travel difficulties of special groups.
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Figure 1. Diagram of key problems to be solved

B 1. ol 5% 5 o 5 [E]

DOI: 10.12677/jsta.2026.143057

574

fRIRA TR 5N


https://doi.org/10.12677/jsta.2026.143057

WA 55

3. BLBERT
3.1. S ERIFR THSHEREFUEERM

FE TN 3£ B2 2 A5 Mk LU R [ T, BATT e s SR AL 5 7 75 R R i 5 PR R e i 07 56
fEDAZ I, R R R B LA 2.

BRa5RER 1 . NZEREEE RIESREHHEE ZHESRESHMERE REEXEE
L #ARALYOLOVT R il
(IMX219) - (B k; SINTS k)

(5 B B 56

R B A

|Dv-Du|<g?

EZi 33
B 2 7] 35
PTPH i /] 25

i B Dv

=

RIR SRS

(BB HEFTN)

M
TR 5

I
I
1
1
1
I
DeepSORT R i ’ :
1
I
1
1
1
1
I
I
1
I
]

R T YA P % &\‘,"ED,
2 R L v S R R HHAE(Dv.Du)
(FLHEDv + 74 i Du)
AR

BSR4
(B A AR IS

“KAT IR ] 0 (ToF)

(B R FEM )

5 ENRIE ¥
| (MPU6050) '

Figure 2. Flowchart of obstacle detection and Multi-modal perception system
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Table 1. 3D perception architecture of “Vision + Ranging + Inertial Navigation”
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Table 2. Symbol description of Kalman filter state update equation
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Table 3. Symbol description of Mahalanobis distance spatial matching metric equation
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Figure 3. Flowchart of scene understanding and voice prompt system based on NLG
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Table 6. Low-Power hardware and software collaborative optimization strategies
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Figure 5. Overall topology architecture of the power supply system
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Table 7. Decomposition table of reliability and age-friendly design indicators for the energy system
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FESc iR br, SR a R T givt, AW A SO E S RIEMLE, £ =RE 23775 M
R SRR, WHHZINE B B AN BAR S KRR B A & #E, [ /£ VisDrone 5 xView
FIRTPERIR, fERER SR A IR B .

Table 10. Record table of model ablation experiment results

F 10, HHBEHRKINERICRE

EE Argoverse VisDrone xView 1

Baseline (YOLO11n) 0.647 0.467 0.421 0.512
+2 RIS 0.661 0.486 0.439 0.529

+R 237 R W SR SRR 0.672 0.501 0.456 0.543
+JLT 4B (OBB 4 3%) 0.676 0.506 0.463 0.548
HIH P — B (R E) 0.681 0.512 0.471 0.555
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Table 11. Record table of model temporal dimension evaluation results

= 11, BB FETEERIERE

Tk MOTA IDF1 IDs FPS
ByteTrack + Baseline 67.4 69.1 412 56.3
BoT-SORT + Baseline 68.2 70.4 389 49.7

BoT-SORT + Proposed 71.6 74.2 301 47.9

R R ST S Bl 7 57T R B SR K SRR e

KIS SERERW], ASONEAEL B REFEARSERRESEE R R Py cifelan, Hild
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PEREFE T ARURIE T . B3 5 R BN RE A R H R & LRI E N (H

5. SEWERSH

ARLIGLE Argoverse. VisDrone 5 xView =¥ Fib AT Hsis, @it 4K H mAP@0.5:0.95
YERETRR . R EIR, BCHIEE =K 5 EIS R GE: Argoverse ¥ 0.681 VisDrone 4 0.512.
xView N 0.471, BEEEEFHMEES] 0.555. % YOLO1In 32811 0.512, $2TF N+0.043, MBI TT
£ 0.514 $2F4+0.041.

TEJHmSEIE o, FATRA “Baseline—~ + £ RE%— + 475458~ +OBB JUTEM—~ + K
FP 2 A” BTy =, PEREE 0.512 FRsE R TE R 0.555, Bk T S B B S RIER

i iFfsi s, BoT-SORT + Proposed ) MOTA A 71.6. IDF1 & 74.2. IDs 4 301, 4+ BoT-SORT
+ Baseline (MOTA68.2, IDF170.4, IDs389), Ut TE )57 5t A B ok (1B S BRRNRE J1[24]. AfBK
BESLIOEE 20 3 YORRCTEYY, R EA —wERE .

MEERTT I, 22 B IS 5 2 0 0 s e MR RE SR TH 1) E 2R IR, OBB J LB — b Bt 7 A
HFrFE S HAR @A I 7 — B AR A A RGBT RS iR IR I A 5 S D)4 . AR SCOTVELEIERY |
FEB R SKEING R P IRAE RN E, IS ETNE RS EEE 5Bz Lie . [,
FPS M 49.7 J+ 2% 47.9, R R G LL/MIE S MEARIN BB T B i e AesE Ve, 2B 75 & 2 B Bh AT 3 5500t
GRGHESMNTFR. JFREATE B KRR, PRS2 GE. DLRARIhFE 5 ST i
R AR SAERE,  DASRTH R G0 TR T bt 5 5 o S FH AR

6. &t
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