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Abstract
Fall detection is a research hotspot in the field of health monitoring and safety assurance for the
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elderly. With the intensification of global population aging, approximately one-third of people aged
65 and above fall at least once a year. Failure to obtain timely assistance after a fall may lead to
serious consequences or even death. Therefore, the development of efficient and accurate fall de-
tection systems is of great significance for ensuring the safety of the elderly. In recent years, with
the rapid development of computer vision, deep learning, sensor technology and radar technology,
remarkable progress has been made in fall detection technology. It has evolved from traditional
threshold- and rule-based methods to intelligent methods based on deep learning, and from contact
sensors to non-contact vision and radar systems, showing a diversified development trend. Based
on relevant research papers published in recent years, this paper systematically reviews the re-
search progress in the field of fall detection. It classifies and summarizes existing studies from mul-
tiple perspectives, including deep learning-based visual detection methods (focusing on fall detec-
tion methods based on the YOLO series of object detection algorithms), radar-based non-contact
detection methods, sensor-based detection methods, and multi-modal fusion detection methods. It
also analyzes in detail the technical principles, implementation schemes, performance characteris-
tics and applicable scenarios of each type of method, compares the advantages and disadvantages
of different methods, and discusses the challenges faced by the field of fall detection, such as data
privacy protection, complex environment adaptability, and false alarm rate control, as well as fu-
ture development trends, providing a reference for further research in this field.
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1. 5|15

BEE AERN 2R MR, 2 N AR ) H 25 52 2 [E PRt 2 1) 12 0 . AR IS T
ML, 2] 2050 4, 65 & K LA ENTTE I 2022 4E 192 7.27 /438 EIZ) 1512, S8 N E R EEE M 9.3%
ETEE16% [1]. fEHRE, ANCEER SR . R E KGR R A EdE, #% 2022 K,
65 % KULENTTN 19N, HENDN 13.5% [2], HE O ERENEEZRIHES

PR NECE W EAMAH 2 —, "R B E 5 R E RS0 [3]. R4 A TAEHZ(WHO) )
giit, SEREELG 68.4 I AREEMAET[4]. 7 65 £ VL ERZENT, L6 28%~35%M NEEE D
R — U, T 70 & L R AR AR 2 BT B 32%~42% [5]. BRI & SECE ST MRS S
W, X NGB R A e, e AR AR BRIRTE SRR B AE 2 bR AR
[61[71.

PRAB G RN BE S RIS, PTRESBUE ™ E N E R, PR, ZF ANBBEWIRAETE 1 /N
MR R, HAAFRWG BR8], Kk, JFk M. MBI RS, SCOUk G S 1) R
DR, XHFARBEZE N 24, BRAREBIZET R A E &

PRABIRS B A OB 06 T 20 4D 90 4FAX, 400 T N BIE . N —2Z ek RidFE9]. F
HR Bk BRI R G0 2 BT 0] 2 WAL RS, A B TR BE RN, d i A U A IS B RS 1 9 AR R
SRR X ETTVERA LR THER/AMOR AL, ERERRIRE &, (EAER R, A
FAAEBL R IR ZE[10]
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BEE THENAL SR AR B, 56T P05 0 Bk BRI 7 V2580 BRI 78 8 S [ 11 ] SX 7 v i 3 M i
BRE H R NARBEES ISR B AR SRAS I kB S, B ARl o MR &% Ak s 12]. FHAM
BT LI )57 R BRI Sk bR . R W S e R G AR ER R AR, 454 WU SR (E 3047 A8 . 4R
MM, XEIERCRRAR . T 505 240 B FIE S 55 0 B UK, SRR e m[13].

WEAESR, TR IE S ST B PR e J Sy ARG W ATy >R 7 A A P (AR A o 2 TR 2 = 1 R A5 RS
J7iE, e T A AR A I 25 (CNIN) A Bkl SR00k  J732:, ARV 1 A0 i 1 U T A T 35 48 T
[14]. YOLO (You Only Look Once) F 41 H Frarill 535 B8 H imy AT 1, 7E R BRI A9 21 1732
RMiFH[15]s A YOLOV3 3| YOLOv5. YOLOVS, F | YOLOv11 Hl YOLOV13, HF7¢# A Wrelod A i s
RAIGER, B T BB PERE .

B T HE TSI 7E, T HIAMBER I AR WIS T BB R . RYE TR, 77 NEA
[, AN [E] B 2 PR S RIS B AR AN [F] o 50 FH T R A8 e U 1) 7 IR 22K TR A 161 FMCW (T 43t
BEEEPR)TRIA[17)F1 4D G TR IA[ 1815 . X BT IARE S IRt m RIS 8, S AR Rk, o
BT BRI A A HER A . BE TR IR MO E R el RIPEEAL . A SZOGHR AR AR S N, RN
58 N 3 5 P R I R AR B 197

SHAl, TR RS I RS R BRI TR R [7], B AT g AR AR S AR Bl R
AR IRIRIIR[9] ] oF FAL AT (TR BE v BEARLO T IMERAE AR 0 IS0, AT SEmRARE 5]
LAEE, B R A W B A SRR IR AR, RO . RS R, REARHER AR LS,
EA BN E SR, (AR 7 H L 58 s BN IE 55 1) o R i U 5 A% T (A =2 oK B ik . UWB,
PRENE AT TR F W, W BB ANRIZE) . IRSNEUE S5 RIB AE], BRAL AU TEISE 54,
S 2R SRS, EEBRFEEPY, A5 ZWETI, BRE RN E . T,
ot DA AR 7 2R A T B 11 22 MRS R ARSI 7 QAR R R A2 1) 9638107

2. BRPEIRAFT A 3
HRAERL I SR A B A B L O AN, B BIHRIETT A AR L, 0 1.

Table 1. Classification and characteristics of fall detection methods

= 1. BB AT KRR

JrEA EEHAR s
o 3 ene AR AR £ EEE
FEF R 171 YOLO %%, GCN. ZJZ CNN. 522 5%&M1145% Bt B L. o B R
rog . = .
ETRANE KT, FMCW ik, 4D RETE. UWB Fiks [oib BPIRA SR LA
B, AR
N . \ e AR SRR AR
JAk Y b X TT ~ HT,\ N N Z EZ N % N
FEFAL BRES TR MUERE . FEIBAY. MEMS. ZLAMEKEE. WiFi B, et R
- I . e CraRIRIGRI . e,
T W+ ik R o H

3. BT HLARVL R A0REE S S BRI 75 5%

TR PEE 2 S BORAE BRI ATUEAS 21 1 T2 B, e A 2 T8 AR 22 0 2% (CNIN) AT A I 532 14
Jiike XRTTPAEIL AT 5 T EBRAE S, FIRER L 2 ST B S S BURS Ak AT 0 SR Bk
HAMERIER . SRR RIEBORER AR, S TR ST AL S R AR I 535 AT L2y g3k
T HARE T % BT RSO TP,
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3.1. T YOLO RFI BB LS %

YOLO (You Only Look Once) @& —F 5[ Bt H Al 5002, DA G e 2850 P AR A A 7 k5 43845 21
TTTZRH . YOLO FRAVE N H AR 1] A Ay (0] V3 i) R, 3 e SR AN 20 00 2% 4 A N LB o i
W E BRI B AN, BRI E B PRI 23] [4] [20]-[36].

BT YOLO RAVEIEEH T Uk R EAE I 592, I T AR RIS U . 33 = Lk R 2k
MRS, BIERSE A N BRI, PRRGREE. Shi H S5 N34 HI A& B0 YOLOVS 5
BAM-HRNet [ ERARAI 5092:, I8 i 42 B X 28 590 B AL BRI A A 1 B S R RS 15, 4 2 4
JE FIWTAHE 518  H I ML, fEIES I RIS Wu S 25 N[44 %] heritage 0BRSS A JL2S ], $RH%
ERT R YOLOVI 1-SEFA BREIRIIN 248, OGRS E, EREZOMM SIER5, AL
e e IR A ST 7 R . Wang H 25 A [20]#28H T —FF2ET YOLOVS B4 &40 BRI LFD-
YOLO, ETEF#EMREE SHEERE, ERATREZIRMIAZ %% . Zaghden N 25 N [24])Z 0 73 H
fills YOLOVS. Faster R-CNN 5 GANs [k B AL, dlid 2 FhiE s oyl $E S PERE, Xilinx Kria K26
I N ERMIHERLAY 43 ms, ARG E S SR, NEEIT AR ST . Hwang H %8 A [26)48 H 7 —F
T+ YOLOVY HIEK IR M 4% FD-YOLO, it %4 Swin Transformer HEAISET CBAM )4 JRiE & /)
BLH(GAM), 358 T RHMESRENEE T, ReSEA R0 2] SRS AE HAS .. RenH 58 A[36]5 X 4430
BT B ABURG 0 3RS . OB ), 4R HIBET YOLOVSn () BMR-YOLO #5%Y, Feiks i 5 ek, 58
s RI T EW YOLO BiZY, Sanjalawe Y %5 A[37]#¢H HyperFallNet SZiEREIRTIIAESS, T
YOLOV13, Fil& HyperACE i B33 &% /18 5 FullPAD FHFAEIRHLE], 450 B0 Fr s, Jemoks
SEHingcR

3.2. BT ERMESMHITHGE

T SRR R AR AT I 7 A o B AN AR SR OC R R I S ISR A K 2 B R AR kAR, IXZRTTVERA
X HRARAL AN S T A BUR IR A

Kong V 58 A\[1]8F 7t 42t PIFR PR BOER BRI 77325, $RH 17 S ANARCHE A, M8 I8
559 KJUMHRHE, IIIZk SVM 432888 X 733l 37 5 P EME S, 456 I PP 3a ik 12 48 2 W 481 4k, kRl
S, G E SR, EHTIRE. TS 5. Yang] %5 A\[38]#&H SMFDM £ A 53 k(8 ks s A,
BTN U R PR 5 B A T BAR BRI M @, 4546 3D &1k OpenPose. R/RZ N5 HbRERERH
Ko RIREPEPA LG T EE AN E 7 ZH R, FBRACHAREE S HARERERSEI 2 A S bR,
I AREZE 73 A1 5 22 it R AR U 4 i kB RAS

Zhang X 55 N [391EF X B8 5 AL RAR AT N ZIRIE . T RAEE RGN @, 52 HRhA B 25 AR AR i
R IHLE 1R 9 F 28 ) 24 R A U 7 %, ddad 3D B 50 3D JE AU & HRST Bidk, 472 n i+
WA S SRHERR A 1T STCA ML, & =44 /il 5 RHMERS R P OB 3 N S0 R, 1ZETA
RPE SRR IR, AR ARAT R, SR THRIIRS

R N[40158 H 2L T Y OpenPose 5 MLP [ EEF I 5%, itk OpenPose M2 KM A
R R, AT, 25680 0k R SRR LU B RF AR R B, BN =)= MLP 7335,

PRBAAESE N (41305 T AARRS i M i SE R BRI I R 40, 8 RS Rl e 4R AE 15 N KRR
FIRLLHEE, B L A B S AT KRR ERAS AR, 4Gtk BRI B O A DC S B ALE)
AFE, NGRS I FE 77 A R LR G .

TR N [42]# ) DSC-OpenPose BEEIA MGV, {4 DenseNet Hi & IEHSLIRFIER FHIRZ, I
NAFRIE R NSRS TG B . 256 NESMIER S48, S 2T I m FER R FFAE, 42 MLP 432K,
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AL B A N 3, A 50 e PR 00 = RS, 00k
33. ETHMRESF IRENGZ

UL EEESL, BN SRR R T 2 P T LS00 AR B 25 5] B0 128 Nk B I R
IRFES S T B AL BRI R I B A R E S H—, BEEI RN G ERE (I NE LTS B3]
AL BGEED, LHEANTRHRE, EROCEA . WSS A, H, @id CNN. GON ZA5iR
FEHERAE ANRSIERE, AR A R S 504 . TRESSEMAUT N, BRREE; H =, aruglug il g
b, FEBTSCI M S ARG FE, SRR, ZLAN IR S5 2 B LY, 2R e, &2 iaRsge
WG, RBEMER. A, FREBREANFERMHREE: HH, SCRFZ BARR, ] [F 2 A k6
B, WREPR R TR, NEFENR AR AT SRR,

Sahni S &8 A\ [SVEFXF 2 4E NBRBIRTI, 48 H fhA 8T8 A = 1) CNN S [y 771 BILSTM 14 %
B, SR RAL GRS L . A2 1 . MK S 5 N [8 4R HY 3 T ] A B ML 3% A\ 1 AR AG ) 45
AL, Sl EAIHLREE NAO HLEE N2 R ABHIREE, e 7 I BT B S KA R FEXURAE, #E SVM
AL, B R T ROS BalMLas N, Mok [ 2 SRAG KN ERAE X R R, S MR it

Abdellatef E [43]$& H HARCNN B2 F - ARTEZNIRGI(HAR), DARE G A% 1225 Hia e 75 45 ) il . AR
10 MBI ConvBIk), JEIT VR BEPHERG R E PURHIE, S 0ZEE, KA SGD 1 ADAM 1k
s, ZEFHEAMREHEESENYE, ETET. BREEESESE, N HAR SR ST £

F A A A [44]3 H1 454 OpenPose 55t ST-GCN R ERARIRG 032, 51N F 3 o P 25 AR e 5 25
BIFNEER, NI 2R B IE T R AL SRR S A

5 TS N[4513 H it TON BN I B35, f5 45 ResNet 8 25 Wi tiedk 7k 22 454, K] Leaky ReLU
WOE RO e & o, DL R P E SR A EE A .

PAEATEN[46]FEH RPEpose+XJ-GCN 84k BB IIHESE, RPEpose K FAHXS A7 B 4 i FE T &1
FATIIREFE, XI-GCN 51 ANZE XA R IHLHIARAL 43 X e o

4. BT EEREREAEN 7%

ISR — AR A AT 732, 78 ARG U AU AT R 35, Rl R e OR Y FH 7 B R A&
MNASFEDER KA, FONEEEIEA LS A NG S A5 E . SR T EMEL, 3T
THIEWTTEAZ R Rz, ARk TR, HEeWoEE — Mgy, ENERINE. b, Hbfp
KR IAUN 4D AR SEHE R = E (5 B Bh T 5 a8 . BRIk, 35T 55 04 A AR I o v A
HLLUR

(1) Jesefb =R, R4 P AL .

(2) A=A, A4 RA% TAE.

(3) R IE— eI, ERE RIS,

(4) TR HLIR . MEAAEEZHERE.

4.1. BRFEBEEG®

K TR IR 2 TAETE 30~300 GHz A1 B I HE B A AR AL JRES , S0k [R1 8 R v SR X H britE 25 U 5%
BELR, BA&HEKIFEE. Myt SiiTmee . BT EEmme, LHFH. ASRERE, BRAK
Ufs AL ERIREM, A RERE; TR MR EREIAE, RICRIL, BREXRFRE. BREY R,
GATESF
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BT A N [2]452 3 T oK I A S5 A 2 M 2 1) 58 N R EBIR I 3000, RIRER R R ERR G, it
Zx UL RIS W RALFE SN B IR 7, 1 CRBENN k(5] .

Meng C 5 A[16]4H T —Fud T =AM T SISO 2K A MBI R4, HADER
BITIRE

4.2. 4D B EIATTE

4D JRAB TR IX R AR R AR [ — A Fr AL TR AR, R PR LIRS . S AT A BEANSE E A Y
NMEFZEE, EREDHRN =48 5. SEGENEKBEIIMEL, 4D Bg 1L B A Lm0
FMEE 5 [ H AR5 R [16].

Ahn ZEA[18]FEHE T 4D MR A S CNN A AR AR BT R 58, M) 57 st A iE 5
TR RFEA L, W IR R Z 8, AF e k-means TKRFUALHEE, H CNN AL 38347
RS GHRNERS, S5E B R AR SR AR IR S X oy Bk () S 2R e Sk, BRI I HER R, H
ARG % M TGRS S Unity REAME S PO IIRE, SCRPSEIN RIS S8R, G T 2FME 5.

43. UWB BiA 5%

UWB (Ultra-Wide Band, %7 ) B 128 /& — P Bl 5 A GRS KT 500 MHz) R IAHR, BA R
o FAISE T 43 R R B 40 % . UWB TR IA 16 B (ARG I v 11 197 FH 3 T 05 JH s 3 1 U0 6 e

FATEN[4T)3R LT 7 M IR-UWB %41 UWFall 245, 385 175 24551 K& AR ShRRE S2 B
TR TR L ARSI, S8 3 BH LR MERA 26 6 90%, 7 m AP A ARRLEE 7 55 R AT IR KR e B i

0 R IESE N [4818T X UWB 5 2K i ik 5 —BORTE = A @ O BRI, BF 90 — & Rl 1R ks B 2 0 &
i, FrGEERNThEE, PR B EE . SR LRI AR, ST 2 IhREE A HLS S BREE R AT
IO E A R .

5. BT R RERABL B 75 3%

FR IR FARTE BT DR A B AR VS AT S rs AR A 05 R 8 5 2 A R AT IS T B Rk R [49],
FE A SR ) R ARSI T ¥ A B R R R B B R 2 —, 2 B HE A 5 A S A AN PR I A B % 7 b
e KRB NARIS SPIRAS BB AR H W 2 T R A kB, B SR ar . e R
#i[9].

5.1. ATERIERAR S &

5 AR AR BRI L L FRIRO. W Tt AR TR DR — e R Sk T o A e R 4
RAL IR ARSE, T LLEE B NARRIE S ML 2 N A BRI, s B T2 ke ) 380 sk 52 £ )
ARk, FERMRAC AT N B f I L A RS, AU T A DN B v A ARIE AR AL, SRR R A T BN AR 2
PRAEAE B RS AN A o 3 I 7 Wik e A s A R AR AU 2K, mT ORI 15 e A R AR 507 0

Tu'Y C 25 A[6]81 0] i ik (B I 28 S (0 Al M il 5 SR AT i 1P AL, 0F B T AP B 3 9 0 3%, K
LMY B R B (DDPM)Y R IR, BEABIRTHEZALRE S, NIZRAR GRS AT &

ArayaD N[5 T — DT BAEG AL AR & 1) SRS HR R . 28RBS T 2 e s
Bl , QISR FEBRA. Wi, SRAGCKANIR AL AR SE, SABTFUM BB FfL IS il 5 5 124R
CigEli e

Debnath M % A [52]5H X0 AT % 8k (BRI - S B A B i el $72 1 = i ol A R ¥ AR e
(6] 3 FUSE S (B30 WRBEHL M ies) 2T RWRY BB R A (DDPM) A K AT 7% 25 T MU & A
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THPRE 72, (RN BOAIE T A B et 52 Tk (B A AR 28 e v 5 SE T PR AN, RTENT 48 HE 7% Ak M1k
TR AR R RS S R PR

Ngu A 55 A [53 181 0F B SE B AR A B 8, PR LLM 54 S 80 A s & B F T n] 28 sk (A
T, 0 PG [RIAR Y AR BB 1Y) S 5 0P R M R PRI T, JR S RS 56 23 B SR SRR P . $ 7 SRS 55
A

Tseng C K %5 N[S4181%F P2 4z R ARG (9 52 AL o SARIHFE R SR, FFR T — 3k nl o skl
R4, £ IMU. GPS 5 NB-IoT &k, RAMKE AR FSM FEX 7 4 Kk E1 5 8 K H G5,

5.2. MEERBHZE

IR R OIE S RIS . AMERES . B AR wifi 5, AT DL IR 122 Aok I Bk
B MBS BRI AR AR, A EZE NN 8%, F A —E MR R
P, AW AEZIANRESHRAER, &S TER. FEh. HXELFENENLI55].

Hanada E [491# ti — M Jk TR B R LLANG B A% I A B BR B N 3%, AR5 SUR I B AL
RGUEANG SRR, TR 2 RN SRS A5 58 [RIN4R @ DAL A BER@E R AR HESS SRR -

RS A N[S56]PR LT CST S5 /IMEAR 22 3] (1137 S RV BRI 52 58 FDFL, VAP AL 5t Wi-Fi 2k
(R0RS I 1 VR BEARAL . REASTR SRR 17 A

FERFENSTHR M R TBRER IS, e WOt - IRAAMEIR, 2 Bl NERE g, i ol
REAMS + IS S AR IURAIE, 45 & NIl 2 T S I 2R A ) o

6. ZITSRAHINTTE

N SRR TER R BRI, BEAE S T 2 RS R MBI Tk . X7 RE R AR
H AN RER A F B KSR M S IAERICS, $Rm 1 BRI R HE e A E AR L[S 1]

6.1. SERHERME

ARG R A VA RS . R R IRES . UE SR IR 5 IR B AR 5%, M ERELZ AN
BANRA BEET) . SERMEEEE . MRS 2T, wARGNIE, MEERLEEEH
Wil B MR RIRE ST SREME, GRXaBE ST, A TEHEIME, KiERFIKRR
Tt RN CHE Sk TIA, FRAPERE G, % R0E, " RMERe e, REHE g E & H e, =
EEERIFRE .

Gorce 5 N [55] RAMELHA VPG T 24 N BRI R S 7E A 5550 Bh 2B V5 (AAL) PO BE X B HH I PERE
X 80 WA FE [ /3 M I, TRA R IT (W] 5 85 A R o AR IR AR 5 B ) IR B 2 ) D AR HERA 26
RPEERNSE R, 20E 3] 94.6%F1 93.7% 1T 5k % .

FNERAT S N[5 T T A B T ESP32 (1) 2 A& kG & BB el R4, SRR RE 7. MPU6050 A& FAHL
fRIREE, R AYESRS: A2 R RESE A, = SSA-LSTM-Transformer A5 #ESGIIE .

XUERE[SOVET X 1) a4 H —Fhm] Wkt - A4 Z RS A& GRS %, AlE S5m0
PB4 MG 4 H —Fh 3 T 243k Open Pose R — 25 sl ik 5] ) A7

6.2. ZREKRME

Z BRGNP NAR B, SRR IR AR IR, A RO R A 22 ) R
i 2 AR EANS R R A, FRIOEIR S AROR IR IR, 2T R 2% JE 537 5 T B A
IR HERE 58 FepE, HARE REERA R 6. EFEENRE, 2HEGCLRE R R E AR, &
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TIRRATETE HEd wf LK 55 ) L

FRARINSE N[00 151X U2 N BRABURS TN 17 /L, 38 1 20 A5 S 4% T I AL A B3, e i st
JE I AR 98 e LERLTR BT, BB S it 256 2GRN, SOl SRR
W, SR SRR R B 5 R 2 BRI

ZERORE[O 1 V0T 13 B R AR AT N M ML RE R e (R 4F N5 AT A R 48, SRF DU AR E A 2
Wi YOLOVSs 45 &4 &R /R S IR R BRI AK, 2 B0H 1245 2 49t S IR i M8 25 0 kAR AG D)

6.3. MR SRRFMA

MU SR RSB RS & T LRI E I e R VE AR A8 TR M SEm PR S . BARSEElr At
1

(1) PRRRL G WA DA AR ARl BEAT BRI, AR5 il & P MBS A I 45 2R . 9,
FTULR FBEEENLA, 2 PSRBSG-S R e, ARG R AR R

(2) TR - SRR IR AR I AR AR AL, 285 R I L RF Ak ik i A\ 21000 228 rh b AT R AR 0
AN ITE T ATE 73 A A RIS 1AM

5K 96 P [62 ] e fE & N BRI, A AL RGO EEWREE, IRIEZINEE Bi-LSTM
LTIk, AT LRGSR AL 2 4R, 193] BRI HER R A s B R AR

FRIG[63 VT AT BRI 7 RO, ke WiFi SO B IS BSR40, $2H Dresnet 114
W%, 256G E IR IRE A ZE RS, DAUSERI AR B 2R WiFi (5 5012k, SCliGEd WiFi
G WAL, 4 SVM 7R HIMgk{s], Sea6 BoR B M HER 28Ik 92.9%, HIHHACEEL.

6.4. FNREFTEMS

PLERRLGE 5 TR IR 25 & n] FANEAR: MRS TR I AR ST, FiApUel, BT, EiieR
o35 SRR G REOR B AL RS, SO TR IA = e MU AIBE T, s iRkl ST R
2% R A TS TN (R e SRR RE e E B i M I PR A B A 5 P S

SCHR[3718 Y 1 56 T8 2R & A BRBIAS IN 5v5 , 3 5 i & S A AL e it » SEBIL T 5 AT 52 A R AR R TN o
FESCIR AT RPN, RGE BB 5 AT BB 7R IR A B 2 BB AR B M 5 R
ARG L EME LG R XA B IE RN R G HS I S T R RSN fd

FRE [ 64 FHT L — (LIRS BB TN 1) SR PR, 5 H XOURRAS T IR AR AR R & 535 o a3 22 oK il o A SR I
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