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Abstract

With the advancement of 10T technology, applications such as smart homes and industrial intercon-
nection require wireless communications to meet demands for low latency, high reliability, multi-de-
vice connectivity, and low power consumption. As a short-range wireless technology independently
developed in China, SparkLink provides an effective solution to fragmented connectivity in IoT. This
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paper designs a multi-mode SparkLink gateway system based on HiSilicon’s Hi3863 chip, enabling in-
terconnection between SparkLink and Wi-Fi heterogeneous networks to establish an edge data hub.
The study begins by analyzing the requirements of multi-mode gateways and proposes a hardware ar-
chitecture with Hi3863 as the main controller, integrating both SparkLink and Wi-Fi communication
modules. The system adopts a layered software design: the underlying layer utilizes the LiteOS op-
erating system abstraction layer for task scheduling and resource management; the middle layer im-
plements SparkLink protocol stack functions including device discovery, connection management,
and data transmission, as well as Wi-Fi TCP/IP communication based on LWIP; the core application
layer features an intelligent data forwarding engine that enables seamless and reliable data transmis-
sion between SparkLink and Wi-Fi networks by parsing network and device identifiers in data packets.
Test results demonstrate that the system can stably maintain concurrent connections with multiple
SparkLink devices and Wi-Fi clients, successfully achieving cross-heterogeneous-network data trans-
parent transmission. This effectively validates the feasibility of constructing a low-cost, high-perfor-
mance multi-mode SparkLink gateway system based on Hi3863.

Keywords

Hi3863, SparkLink, Multi-Mode Gateway, Internet of Things (IoT), Heterogeneous Network
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AHF T BN 2R EE T Hi3863 YR IN-Wi-Fi XU R ¢ (B4 — A4k W iH 5528, kO
SUPRTILTE S5 ) 8 5000 2 R L) b
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2. ARG5MEt
2.1. PIKEEH

KRG GV IR — AL Hi3863 IO HIZBITICAIN K . 1Z M A 57 4 19X 2% i 5 RO A
4, FEAMPERINEE: —REIEIN SLE 5 Wi-Fi il A4 T2 45 8] (B e S HR 3 k.
VERIAGAT /i, W H H S BJRFEAE MCU #EHATHIRAZ T, SCHUSE R IR 5538 S B3 N Bl (K R 45
RGUERH R SO BoH AR, BER T IIRERIIE L ARt ST R

AR ZRGER M LA Hi3863 MR oy L B Mg $hdh, Wil 1 s izdndhai i, g, 5T
L, AREIE AWM b S RO s E R
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Figure 1. Network architecture

& 1. PLg 5

Hi3863 2 [0 T A HE AN X 28 PRI — A% 0 o

BN SLE s S R F R INE AR AR RS (WNRIREE . TR BT 8 (W RE %) . el EES
Hi3863 WG R [N SLE ¥4z, JEM— ML AN SLE M.

Wi-Fi %5 fUN & REET Wi-Fi SR IERES AT 35 . BAITE RS Hi3863 MICHALIY Wi-Fi Socket
HEREHATIBAE, TR Wi-Fi 7M.

Hi3863 M ik UART H 15 —NIhEEE 50 KM LA 329 MCU FI%E. SR &M 2 B
EIhRe S Mg N AL BRARAN, PIOGEE T mdl. RAEB BRI 55k, 1fiF#E MCU M 61 54 4k
L ORI, EonEliE i T N LR/ 2k N 4k 2 T AR E S

ZAR NI T BT G ER L ZUE OGO A, VAR IR A B B I N Y %
PRpt T RINBIER .

2.2. TEEHIRR

ARG R 58 Hi3863 14408 i . Hi3863 R 4I& 2.4GHz Wi-Fi 6 £ [N Z 4 10T SoC 5 F[2],
KA E LRI, SEELT R NS Wi-Fi SUBLE(E 1R fF 2 al . JLAERE TEEE 802.11 b/g/n/ax 7
I RF HLR, AIGEDIZBOREE PA. KM A K LNA. REbalun. KRZTFE DU B B AR He &t S0
20 MHz #1%E, &AL K 114.7 Mbps P93 252, SCHFTE R RS D2 R B ot (1) 78 25 0E 2 s S H8E N SLE
1 MHz/2 MHz/4 MHz %5 %%« SLE1.0 #0. SCKF SLE WCThRE, K73 T E 12 Mbps.

2t R T EPERE 32 £ RISC-V BRI HE B %0, 1B AT IR F =i ik 260 MHz, N 606 KB
SRAM #1300 KB ROM, & = (WM SRS AT FVEH 5% R AL BRER AL T 70 4 I H 5 R J5URN A7 i 2 [

TGRS EERANEEE O, B8 SPL. 12C. 12S. UART. GPIO £, J57{f 5 4% s A H At o A 3
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Figure 2. Gateway hardware
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Figure 3. Network architecture

[ 3. 5

W EEESEZE, N EERMEG WD . ZEAE T 2NN, W
GPIO. UART. SPI. 12C %, m[3REUGIEASEHE . B HlHIT 8.

B R G E W R OpenHarmony 2244 1 LiteOS #1E £ 45, ¥4 Hb 3 m OSAL #:11. %21l
R SRR R OTIRE, A LENHRRME TS5 B RERE RGN RS — mE L, A0
ST AR AT AR M S T 4R

PR E A SUSIE (S RE I SEBUZ O, HATIZITHE EING Wi-Fi BREMSIIE . BNk e
SEHL T B NHR B R R S SRR UK DI RE 3], Wi-Fi PR IUREE T2 4% 1P Pk LWIP [4],
SEPLT SEREM 1P TCP UDP SEMZE M, AE M RS H N A R4 o X SGAE S TCP ilds 2, Al i
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Wt Socket A% Wi-Fi 2 7 i IEFETE K o NBASEFLIE P o i — A~ Socket AT, Fil i brifk (1)
Socket API (U1 send~ recv)#EAT H4 A -

R ER RGNS ZHIZC, E8E NERS, B 7 MK IR 5SS E IR, %
B A T LR A% O BUE A5 —— B N R R I 2K (sle_conn_device) Fl Wi-Fi & iE R
(wifi_conn_device). HHEHe K5I EAE MK REFFHX, 18I A AT Ba 60 i 28 5 W & bRl Bl
ERRIFH AR APL, SEEL T 2 NS Wi-Fi SRR JCEE 5 E L . & a2 AP E X
FHI T —ES BALFEE MCU (IEE ML 2T R B 5 DRI 4, IR A6 K 56 A
BEHURRAE: RIS, A POCHPRES S B R s B, W2 S 55 B R plidlait,  Eakss A MCU.

3. REBEARG TS
3.1. Wi-Fi AP #is ¢ R BUREWES
Wi-Fi AP #J464k R BHREWAT S 01 57 B sh i 4 M TC R RS ThRE IR 557, TCP R4S 28 o ZAT &4 1 e 554

I} I TCP Socket 347 ¥ H 48 € MR« EAES5IZAT ], QUL 10 TCP AR 55 KRB %
FURIERE R, JFRFEAL WA CIERM Wi-Fi 20 b, SRICENTARIE R BER I AE NI, RS
B KA PR L SCHF

F G
while (wifi_is wifi_inited() == 0) [/ EARWL-FiRIEEALSE R
example_softap_function() // JE5ISoftAPFITCPAR 45 %%
fIl# TCP_accept_Task f£4%
while (1) {
for (FTAWLI-FiZ i) {
wifi_device_recv() // BN
osal_mdelay(100)
}
}
3.2. TCP E#EEZES

TCP_accept_Task fE4y TCP HE45HZ /1%, 16 Wi-Fi AP WZEERES &5 % P i i 45 BRI A% O R
o AR AT RS i L, AR B E RS RIN, E R G IERI AR S sl
DECR A I, IR EREFHIRTFMMN LS . FR, ZES Y5 4 RE R ER 4R
SERER, IR ARG RN AL B AN i B A UG 1), D Ja 2 (30 A A VA E P R 2% R i

FERAE:
while (1) {
dev_id = FindFreeDeviceIndex() /] BRI
if (dev_id != -1) {
new_fd = accept(sock fd, ...) // #3ZWisE
if (new_fd != -1) {
¥t wifi_conn_device[dev_id] // ieatiEH(ER
g wifi_conn_num++ [/ ERA G
}
b
osDelay(100) // JEIFEEAS
}
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33. ENEEEBES

SR DN LA AT 55 5 ) W 28 ) rh 41 ST SE LR IN M BE A A B IR ST S U B th ThBE . 1%
ESAER G R B A E e e WA S BURIC B, BEJEBE ARSI, il v 2 A S L #20
KEH SN . RSO EE R, S AR e P AR RS B R A5 D, B AR ILAC
COER MR NI B, JFHET SSAPC VMUK Ba i % i 2 FAR LA o (AN, 12T 55 5 B i

FETAE, e BN B IEERER, ORI 1L da i AT Stk 5 Sk

B WEr

osal_msleep(5000)
app_uart_init_config()

bsp_init()
sle_client_init()

while (1) {

osal_msg_queue_read_copy()
sle_wifi_send_data(msg_data)

}

sle_client_init() R £t 2 NI AE ARG MIAZ O HTAR AR, 5 258 iR IN P BCR ) 52 88 5 2 5 L ML AR
TEMT . %R B B K iR D ] 4 B

/] FEREWL-FiFIaEA S

// WIUEALUART
// PILEAAELE(LCD, GPIO)
[/ HIAEAL R N SRR

[/ MIE B BAA B
/] BRI BISLE/Wi-Fik&

sle client init()

A4 [ A < B R

P BCEAE RE 1

FAH 8 E 58 R B

R IR |

ESEHESGIEN

HEERRE AR 5% R B

ERRE KA B

et 52 i 5] i

JIR 55 J2 AH 2K B 2

MTUAZ # 5¢ F% [B]

JIR 35 A B R 18l

FHAE A LA R 1813

Pk 55 A58 R m] 3

(VNG|

B8 0 E

b CE P IR |

JE B 51 %

Figure 4. SLE protocol stack related callback functions
[E 4. SLE YA AE X B8 &

PR S M B A AR S A Bl R, AR SRR REIE RN L 4R A5 IR S B B e A I
RAEH, NESNBE R IUR M FH RN IAL . SR A OEREHEOR, U IR R A RSN S
BXs SE A, SIS BRI R . RIRICE RS RS0, KB MTU B AR5 A B, ReAibfE e
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G R RN A e A5 DI RE R D A B . AESE RN A RHATEN S, e A enable_sle()1E 30 312 N
PR, R LIRS TR T B B A RES, A8 BINEAE RGO e i AT AR .

B 308 R0 1 3 R B0 DN 2 T DI SURR O B P AT R [ 3, 2 R 8 rh R ST AR BEOR B R IR 7 ) e P B
P bl IR B KL AR BRI, % R ORI R B 2 g DL BT A R I A g2
X, FFEFENXPTGAMERI . &5, ERBESEMNXE Iy )E S8 s A2 m, A
T DRAE SRR i A AT SE R S AL B, Dy B2 IR AL 1 S B i i ot

3.4. YRR XAIEES

B R IE AT A IAE RAE AR SRR S R G ERRE . 14T 55 LA 2 i i WA & 2
N5 Wi-Fi P> 0 2% 1030 RIS 22 i X, 4k il 306 8 a4 IETITE SO A B s AT 4% Ui b
515, st B O rE RS R AR Kk S AN EE Rt . TR R M X LS, RefE I
AT ACIE 2 BRI, IR R AN [F) IR 28 B L ) A AR A B e SE T . A I MR fan, v R R PR G —
SEAETEINIE N

FEGRE:

osal_msleep(5000) [/ SR -FiWILE1k e

while (1) {

DataHandler(&Usart_SLE_Control, ©) // Ab¥FESLESZEWEUE
DataHandler(&Usart WIFI_Control, @) // AbFEwi-Fifzlic¥ii

osal_mdelay(50) // 50msJ& HAbEE
}

3.5. B O¥REFKEEERH

HI 5K i 25l Id UART $2YS0K B AMRAREE .5, DR 224 A 1 el ml i ek Bz fiok B _E AL
(KIBdE - H A TTRE R I SR 4 Kl 22 A e P A% B B3 2 A B

3.6. BUIREFHLE

N RCE R B N SLE 5 Wi-Fi A2 (1020 B oD BUle e, I N6 Sl el 5 Ab B B AN L g
M, ARG IR T — BT IR B WG o X B A B o 2L OR 1 e TR
BRI R GRENE, JHROE TR WS a7 U2 .

3.6.1. EFE&EEET

RGN SLE M Wi-Fi 73 BIBSLE LT e A R I G4 A BRAS K, SEDL 1 Bl b i 5 0 R A7 AL B
A% B 5 A L3

HAR G2 rF I — DES B 8L, Ak R B ) B N A7 X3

FREFZZIHBAS: —/> USART_Control K4k, FI T HZE P IX 3 5K

typedef struct

{
uint32_t RxBufferCounter; // F&7/R F—ANF RiAF NECHE 2 A A WA Ar
LocationPtr RxLocationPtr[LocationPtrNum]; // & ¥FEE2Em0 A &5 F A4
LocationPtr *RxDataInPtr; // Intgft: FRicFe4tL2nhb\FiHE N it &
LocationPtr *RxDataOutPrt; // Outf&4l: FricfBErZEnhEASSEECEHE A7 B
LocationPtr *RxDataEndPtr; // Endfg%l: Fricfe&rZZriATINIRE, BilLEEH A

} USART_Control;
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H i LocationPtr 8RN0 FTR o

typedef struct

{
uint8_t *StartPtr; // Wii2lhtE4
uint8_t *EndPtr;  // WiZiAIRE:
} LocationPtr;

G RN 5 TR .

RxDatalnPtr->StartPtr RxBufferCounter
BRG] | |
0x21 | 0x02 | 0x09 | ...... 0x31 | Ox11 | 0x26 | 0x21 | 0x01 | 0.09 | 0x00 | 0x46
RxDataQutPrt->StartPtr RxDataOutPrt->EndPtr
TBET 2 B\ FRxLocationPtr[LocationPtrNum]
RxDataQutPtr RxDatalnPtr RxDataEndPtr

Figure 5. Buffer structure

& 5. EHELEH

ERGHIIEAI B, xF EIRGEMAIEATHIA64E, LG nh X 514t A S Z [ BRI S &, IPR S
TREF T P B S A SR SR fr B

3.6.2. HIEBFWEEFRIE

2 LR R, R A SRR R E BRI, AR Gt U AR L AR B2 S e r [ R K

BHNBA: (81 B8 RO ks 2 T RO B AR SR B S b A S (I 85 R IE 5 N RxDatalnPtr (¥) EndPtr i34t
PHRRRIALE, ISR — MR OB R ME. 2851k RxDatalnPtr $55HE /5 #3—> LocationPtr %{
PRATHKE

Wa 5 N\TGE: BfiJa, RxDatalnPtr ff) StartPtr $5 54580 2 2 AT 4 45 A7 B EndPtr 485151,
Ei=1CTI N Mol R € v

BAFIIEIAAL 2
il —: HENJEH RxDatalnPtr CEFEAFIARE, WK H B E AR [ BASSL i, SCELIATE A B A A
.

B B EWBL T X R R0 A RIRE AR AN T — DM KEdE e, MRE T
Hlr ORI N AT S A RS A RIREEA L, WK EH AW AR X SKE, MK iR
MG X, b7 o L.

3.63. BE|AESHLRIE

i AL FAE S5 DataHandler 4 J HIPEHUIE EIAT, A ST B R Ab BG4 Hh O B 6.

Hintkd: (L% @t th# RxDatalnPtr 1 RxDataOutPrt FJ & 75 AR AL H A5 6. @ik 4 B
#4 get_untreated_datapacket FIAR A 155 R Ak B 0 K
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PHZEAL A HORACH R O AR T oS B R, RGN, T, (F
55 R PO St A B A S o (1 K AR R B, HAEE RS, DURRIK R R ST IR H N .

WAL AR I AEIEW BT, AESFERIATIUE N ER R . B SRR A P SRR R,
O R, W AR H DURGE X5 R, W ERE .

BAEURE: CRERA NS E, EAH e MEE/E, RxDataOutPrt 84 #i & 30— L.
FIRE, HIREFBNEBNIIR RIS, & 5 E B PAFI AT

TG DXLt 11 v S S AR R PR A R AR ok, Jded S8 0y e B 1 Bdls 52k,
TR 7 AE AR OC R 2% B3 AT T Bl e R i 5e BV S5 mT S

BLARE SEEL 1 s B AR B A AN, R IE Y B G b X ROPEE AT, SRR EEHA ] 7
A7 BRI A A7 B

3.7. BiAER

NTIR TR E% (RN S Wi-Fi) P ER K 48— b2 5 W] Sadehm, A RGwt 17— BR W H s 30
FZEAF P o 2P BUE LT BARWI St — 43, A SCRENS ILFA AR AT R B AN 28 1 K 8t OF
FRAE PP )7 BOSEAT B AR SR o 9 5 55 X5 2 B a4 e O s dn 2 1 s

Table 1. Protocol format

= 1. g
ki Hidla Hd Hd P 2% B feas e CRC8
b K % et eyt Hhk &3t 7 Lt
Ibyte 1byte 1byte 1byte 1byte 2byte 1byte . 1~255byte 1byte
FFEI VR E LS DR R

Frif(Header): [EE R 0x21, HTHRR—AEHEMFUG.

AR S (Data Length): $R7~ BRI SEbr 7540, #ln, MEERIREE | 79 EdRR, ZTBIEN
0x01 .

i di A% (Data Offset): & X T MEHE AL AR GG A7 B (F k) BIBHR ST L6 0 B 2 mfe & 1%
IBCKEORER T a9 etk , AR T i I e 7 B, R TR RS 2 B m ORI e 2

A8 (Data Type): FHT- X/ B G ThRE R M. Ban, 0x00 13 A 2 A J a8 S ) 3 a5 £,
M ox01 AREH T WARE. W4 NRIEH A,

I 2% 78 (Network Type): Fr iR (R IEER H AR s i 2% 27 o 1% BUR XSG SIS 0 % el
PRZCARHE X AR A i e 4 8 8 i /2 T (SLE) B Wi-Fi (28 4% %

WA itk (Device Address): —A> 2 F AT ME—FRIARF, T X 50 [l — W9 4% 4 (AN [R) ¢ o e 4, 30800
R IR AR AR P T L, AR5 Ay s AL EERT, IR 7E 5 (Big-Endian).

IR #5 58 (Sensor Type): S AL AR, iR ek FT A AL B A R BB fE . JeHRaR &
), AT WK EAE AT 5 AL B S R

HiId(Data Field): ZKEHA R0 K205y, KEERTAE(1~255 1), WAL SR AR [ S2 it
HE Bl i A 1 B AR S

CRCS8 % F1(CRC8 Checksum):  FH - B 54 A& 4 1) 5o B 1k o A0 V0 [l 78 o A0 Sk 2 Bt Sl 6 R 1Y)
A7, RAAERZ R x+x2+x+ 1 (CRC-8/MAXIM)BEATHH5 . 3320807 388 3t 56 1E 1 56 A0 ke 1 i B
LRI R A 75 H A
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4. SCHERE

NEAEAR RGN DIRE SERE, FATIELE T8 BN SLIRIAEL, X BRI HEIERE T B AR
L R G R PEREAT 1.

SIS L :
TG Hi3863 MJe. B INAEEES T AGRIEE. IR, Wi-Fi {22395 5. STM32F103 bAiE
R

AT LiteOS #R1E R %, ENPMUE VI.0. LWIP 2.1.2,

WL S fh: SRR, WOCRIRHN 8 MEN &S 4 4 Wi-Fi &4, 4% MCU i@id UART
5 KA H.

JE I S E A T LR 2

WURREENRE ST : 16 30 K= NEEE N, WOCHIhFRIR &2 NS Wi-Fi E8, #&HNE 100%, 2
I R R TN R /N 2 D

BB AN £ 30 KENIEB A, JE NS EIR 4 W O K B AMBAL B, RIa4E ]84 75
FIHERAIR IS B N AT 25, WA RS ) % 100%.

PP SCENT S B . W SCIERAMAAT 5 SCHRSCH (0 9 28 2880 510 56 b2 B, SO X 48 40 6 e
At B ER R B 2 Ok

SIGEE R, KRFEPEDFEG T, LT RENS Wi-Fi FHRMS NSRS . MoCR&
RAFISE . AR S8R, AR R R K RS S 2 IR N SIS R MR BT
Hi3863 MR 7 RAE A G VERE Z MU T RAF-P, B BALRE 1 /1.

5. RFkIE

JUE A TR BT S8 T — AT Hi3863 ML BUR WM SRR R4, Wik 72N Wi-Fi 244
W 2 Rl AT ATV, (AT N RGA G 1T BE e R M AR R R AT R, VA% 2 E45
TRNTIE TSGR 77 1) . R TAE EBEESELL R LA J7 T FE T

(1) iR S =7 G IR A

YT RGSLI TG M B ELL, KRB ESNBES S FEN . THRIBEE RN
JSON f##T FE(Tn cJSON), AR AT AR A F 2%, S MQTT/HTTPs SE4IE M b vt il 5 2 3 i
FI AT B . KA X SO BEIEAT A MR B el IEREAE N EEIA AR, IR IHTE S I TR
H5ERARETRENRE, Wi “i -1 - =7 s B m oI €51

(2) RIhFEAL RIS 7L

RIFER VT 2PN 5L OVRR . RSk TARRERABEFL Hi3863 5 F 2 IN U R IR ThFE s
Mo @SR E AT S R S, SINShAS IR, 7E HAR AL i R G RIS 7R
PR, I8 L I R E g . IR, PP AR IhHE Wi-Fi #550 Fi247 MQTT 25K bl
MR AT VE S PERE R I, DAMADRIR B T 0 5 B £ i1 st 7E VA i R TR 2R M g

SE K

[11 Vanani, K., Patoliya, J. and Patel, H. (2016) A Survey: Embedded World around MQTT Protocol for IoT Application.
International Journal for Scientific Research & Development, 4, 26-29.

[2] HEEE M. Hi3863V100 5 %/ [EB/OL].
https://www.hisilicon.com/cn/products/connectivity/short-range-loT/wifi-nearlink-ble/Hi3863V100, 2025-11-01.
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[31 Gao, M., Wan, L., Shen, R, et al. (2023) SparkLink: A Short-Range Wireless Communication Protocol with Ultra-Low
Latency and Ultra-High Reliability. The Innovation, 4, Article 100386. https://doi.org/10.1016/j.xinn.2023.100386

[4] Dunkels, A. (2001) Design and Implementation of the LWIP TCP/IP Stack. Swedish Institute of Computer Science.

[5] ZERM, R8T, 2, SIRE, Bl Wil = A M A e Tl ARia AT P B R R S [0]. %815 Pk, 2023, 38(8):
2051-2062.
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NIRRT BORFER SIS VA% <53 5 T T i B TR S S5 (AT Stk e R, B e s v~
O HT—RE N (NearLink) BB EH AT T RAEST. XEELHINT T BN VLI g EEE R
KARZOLER, BFHEHRFEENH. SLB (SparkLink Basic)/SLE (SparkLink Low Energy) X%
ANZEHI DL B T Polarf3ATHARQ (Hybrid Automatic Repeat reQuest)HlF| I E#it. SRR
By, BNEE BRI, R ERE FEE T BERA, HZEOEET 20 ps, AT HRERT99.999%,
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Abstract

To address the high latency and low reliability issues faced by traditional short-range wireless tech-
nologies in scenarios such as smart cars and industrial control, namely the “determinism gap”, this
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article systematically analyzes the new generation of NearLink wireless communication technology.
The article first analyzes the core technologies used by NearLink to achieve deterministic communi-
cation, including its centralized scheduling mechanism, SLB (SparkLink Basic)/SLE (SparkLink Low
Energy) dual-mode access architecture, and a physical layer design that integrates Polar codes and
HARQ (Hybrid Automatic Repeat reQuest) mechanisms. The analysis results show that through the
above design, NearLink has achieved significant improvements in key performance, with an air in-
terface latency of less than 20 ps, a transmission reliability of more than 99.999%, and a peak rate of
up to 920 Mbps. Currently, NearLink technology has been initially commercially applied in consumer
electronics, automotive electronics, industrial control and other fields, and the relevant industry
chain and ecosystem are being built. This article believes that NearLink technology provides an ef-
fective solution for application scenarios that require precise synchronization and high-reliability
interaction, indicating that short-range wireless communications are evolving from a “best effort”
model to providing predictable services, and have good application prospects.
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1. 5|15

BB DRI . AR BRI K T ELHR R AR A JE X JE 2B K OR © IR BUIE R, AR 9 PRI 2L
FasE SHEMEBHE S H . 20T, FRMMEIELLSOR, W Wi-Fi S8, BRI TS EiEE
ABLEI[1]e 3 A RN BB RS B st iR 5N, e DABR AT Tl (i i 4 55 ]
SEMEORRR, TRRCT “RZBENEISIA Y (2], JUHAEZORMM R D Tt s E R A g, AR
(RIZ2 RPN SE O B 1) E B 29 R &

NS PRk, BT — AR T 208 (5 BOR —— 2 IN(NearLink) BoR RS T AE o IZEARTE I 0 2 il
FARMBAT RGUEEN, B MIRAS LR R TC 2 AR S BN R AL 2 N A% 0 H s A SR A I S
5 el ek, HESh IR A (5 [ A VERE G . A SO AR B INBOR T A o, R BT 3
RO BRE R 52K, MBI PR 5P EEDUIR, JFx R BRI L ARRAT 5 S I e P it AT 48
e

2. ENEAREE

R A — T 5 7 SRR i S 8 0 (00— AR R R EER , R IR RIS P MR I R T A4
DA AL G T 36 e AW TE B (5 (I AE | 7T S0k 5 (7 A8 7 1T R PR
2.1. RGEMSBENE

BN OB ANER G ST AR R A 28 40 10 5 MU N M 22 b, e 2% ity — AME BT £3(G-Node)
A2t 5 15(T-Node) K it . G-Node 17 B8NS A (RSB IR 70 BC I B2 A 2% R, 1T T-Node
WHAE G-Node [I95R -4 FEHEE K BT L AT BRSO [3]. X AR SE4 4 1R EEN LI BR 158 V5 10 )
BEHLARSR, A SEELAT BRI 28 5 vy T SE Pk (26 At,  BARBLR QA 1 s
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Figure 1. Schematic diagram of NearLink centralized scheduling mechanism

1. EREFRNBEENFIREE

2.2. SLB/SLE TSN 2244

NIE BN N S /K, B INAERNZ it 1 LAl R (SparkLink Basic, SLB)MHRI#EH 2
(SparkLink Low Energy, SLE) [4]ZH AU AR R, @1 2 fian. SLB AR A 164, SCRFE S
WKW, EEM A EREBBR . SiERFEmEE KNV 55. SLE BBk i AL 2%
#s AR SR SOlAT T hFRL L, IR CRIERR BB R AR, SIS W A AR IR I RERE K. X
PR IL G — R, (15 R IN B R % 7 o5 I\ =y 1 28 B DA 1 22 P S A0k

FEAh N = T
BN LEE
Rt ds = l
SparkLink Basic SparkLink-LowEnergy *
(SLB) (SLE) BINEE
EENE v

Figure 2. NearLink protocol stack and SLB/SLE dual-mode architecture
& 2. 2N SLB/SLE WiRELH

2.3. PEHEXEREAR

EYEZPHY) T b, BINRAE T 2 DU EAR DLORFE itk Re. B 25T CP-OFDM (Cyclic
Prefix Orthogonal Frequency Division Multiplexing)ii /%, K5 [E/38K% 504 1 ms B8, SN EDIE S 48
AT, MITSEIL T 20.833 ps ITEERMIK, W] 3 Fr7m[5]. JX Tl 4 I i A1 1) o ok sieoRd 202
FIR ZE (BRIl . AR TE AL T THT, A DA AS [R5 SR FAAS [F) S A SR o o) By S A 44 5K vy 1) 7
HHHRE, KH Polar i35k R-S 5 (Reed-Solomon code) LAR A AL THLAN TR K TP IR G/ s EdE, W
KH =1 BE Polar 4fid. b4, BEINIEVIELZ R 1 IRA H3IHE AL R (Hybrid Automatic Repeat reQuest,
HARQ)WL# . FE TGI8 2 ARQ (Automatic Repeat reQuest), HARQ REMSFIH #H5 B4 3F, L8
SRR RS R 2 TE AN S v AR R, DT ZEALRAR 12 B 2 A1 TR ORI 99.999% LA E LS B D (6]«
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Figure 3. Schematic diagram of the NearLink ultra-short frame structure
E 3. 2iNBEmaanEE

2.4. S REIEER

R 2 NI R A BOR PRl R 75 5 7 L SE R (6], EINEW R WAE. IFRERSPUTIRE
Tr RS, HEESHWE 1R,

Table 1. NearLink 1.0 technical performance summary
F 1. 2N 1.0 ZOFARMBERE

i H PERE

20 MHz $.8% G % I&{H 920 Mbps (8 x 8 MIMO)

W ff 20 MHz SE T 4 #6014(H 460 Mbps (4 x 4 MIMO)
it ZE B ) AR Ag I SE /N 20 ps
[SEIE PAES IERFE KT 99.999%
/IR 7N RS {FiE4m LA Polar {518 4wA0, XFF CBGIRAHEAL, H/h TAE[EMEL-5 dB
e 25 ARG RE/ANT 1 ps
EAE 213 BRI 35BS E AR IR R, 1 ms N 80 BEHUE ML R

grEpriR, BNRBOR R RIS G b s UREE . SRS RS DL IR HARQ S5 CHEROR
FIFEAE R, FERGZ AR T e EEE RS B AR B AR bR THI (R A, T B AR Tk
WA TLEREZ . TS TR ERER, TR S M0 A, N T A, BRS:
ol 92 ) 5 B o (R D AR e A2 LR R M T AR AR R T R

25. ENSRMETLEARNI L 247

AR INF AR ERL, ALK L 584 . Wi-Fi6. LoRa. UWB } ZigBee %5 X L&A MEAES
Bk AT ELEL[6]-[10], ERELE BN 2 Fis.

N

Table 2. Comparison of performance parameters of mainstream wireless communication technologies

2. ERTLBERARMERESHIILL

AR PPN A PR B EEME ORI ThRE
AN 1.0 2.4/5 GHz 12 Mbps (SLE)/920 Mbps (SLB) 0.2~4 km = <20us &
W 6.0 2.4 GHz 2 Mbps 10~100 m % >lms i
WIFI6 2.4/5 GHz 9.6 Gbps 10~300 m i >lms &
LORA 433 MHz 300 kbps 2~8 km H LIS h
UWB 6489.5 MHz 6.8 Mbps 10~30 m = <lms
ZigBee 2.4 GHz 250 kbps 400~800 m ex LGN i
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AP 25

MRAE 4 2 (Xt b, JRATAT LS A 2R N BRI O T AE -

(1) R SES T FEtE . B INBOR R CRF AR BUE LN T 20 ps (1978 IR SEAT R T 99.999% [ I 5%
P Lo MR, TSR0 Wi-Fi 5825, I SEE w28 200 AR B 2 IR . X —3
BRMZER, MRNBEWL T A b R P S Xl 15 R R A BOm BRI 5%

(2) MREM . ENIFARCGER B —VERERFR, TORAEDZ NER IR, H SLE BafEdiRt S
W RSSO DIFER RIS, S0 T S F) W {3 32 (12 Mbps vs. 2M bps). & SLB 52 NI 7E I 4E £l 7] §E
PEPET Wi-Fio MURTHR T, $24 1 DU AU AR (55K 920 Mbps). IXFHERTSE, RIEEYE, R ADFENY
MNRBEYESE LR RGBT, MR T R R

() B FEN . X TR, BT T BORSAT Hefe RN 5% . f14, LoRa 55 ZigBee LiE
TARE R TR B YERGER:, T UWB MR T R e . ENEHERA S, 6T hmfegiiR
BN e AR E MBS T . L H AR ARSE A BN Wi-Fi BCE, MR 1 e G R i B R
P IPAINAER7E

3. FRERHIES=IHER
3.1. BERERHTR

RNFIAR A RTE 2020 FREARBY 2 Edgt. 2020 429 H 22 H, EFREINBEEA. 2021
E, MSCEEHERM FAIGUE e . 2022 45 11 A 4 H, EINBEERAR T H S A~ SBR[ 11]. BEE
B Ty B AN S )R SR REEAT AR AL AR, HhasERRb L AR R ESRL BEL B
TREERUR .

CBE T 2022 4E A T NearLink 1.0 #5ifE, ZAniEE X T SLE (i 2h#E) 5 SLB (fris 58 i ) MU 2 A 48
H, JEHEL T G/T S B ENLS . 2024 453 H 30 H, 2N 2.0 RIrdEER A b5, T EE
BRI 2 (CCSAYKT CRINZEF A DHEARERY R INYBCRGE (S 8 UL 25 RAIbrdERT T o7
T, RINRRBEIFEIE 4 fros[12]. 84 2025 45, R NBEE PR R EE O 1000 %, £ R5E
TR B, RN, HRAE R G SR 2 S A .

=

20234 44 1%
IR E 1500 /7 5

il 2 DA B S ST R b B B Al

I
I
|
|
\ v
202049 H22 [ 2022411 H4H 20234
20219 FE4 H15H 202346 H1H 20244F3 H30
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Figure 4. NearLink development routine timeline

4. ENERGIFZETE]H

32. BREBGHRE

SN =P BE OOk o5 NS AT AT B R G00 H I 2 AT, AHEE F e i B
(1) ¥ Hi3861LV100: —3K 2.4 GHz {XIhFE SoC Wi-Fi {ts Fr, SZHF 20 MHz b5 55 &2 5 MHz/10
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MHz %547 %5, W)ER )= 18 2 5 Al ik 72.2 Mbit/s [13]6

(2) AUFERMHE TR5312: —3K 2.4 GHz SoC S, AN SLE 1.0 A1 F BLE 5.4 XU 14],

(3) HAHE L DX-T600: —KHER 1 RN SLB JEH7 FIS S B ) SoC &5 F, & T IoL#Eh . 7Rk
ML REERERE R B B S N 55 [ 15]

AR N R, 8 2025 4, BINS B RIHH R ECEIT 8500 5 f, HFTHE 2025 4
M 1124 .

33. MR SRR

BENEARMNAHCHRBEE R FHEE . TOHl 255 JE R ST (iR 55 .

(1) W BNERCN AT AT Bl PR i A s B s ah . Biln, 78
SRR N B EALU4E FreeBuds Pro3 FITGZR FAR 1, i H A, F T B0 A 25 A A% i A0 180 25 1 2 YT B E[16]
4674 FreeBuds Pro3 & AN HAHLUWIE 5 Fis .

Figure 5. FreeBuds Pro3 with NearLink
& 5. $## 2N FreeBuds Pro3

Figure 6. Schematic diagram of NearLink communication for in-vehicle equipment
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KA 4%

Q) REBRTHERMN. FRinEEENBARKE SN T2 —. il Of 2N 28R i
ZMl, T SRR R G P AN R RN N[ 17] 0 TEZENIEAE 7T, B N T 2R 300 TR R G A%
. FERRZ BEAC .. FBhPERELL RN BRI ERMARR, WA 6 FiR[6].

(3) k=i SHiE. £ T E s, 5 IR I T 5 (>99.999%) I Fb 44 I 48 [ g
BT S230 PLC #5028 HUBCE 546 B8 IR 00 PHERE 6, dnlsl 7 FioR. 34 filid Al Ot 73T 2N
T h E R R %, LLRIF HAE AGV (Automated Guided Vehicle) i B . #L 5k I FH 54 R4 2% i F v

RRRE PEL 6]
EhliE 4 =- PAT B

VR f BRI
BRI
R 2 R

Figure 7. Industrial sensor NearLink control diagram

7. T tE R E NIEHI R EE

(4) BREXEEYIEM . BN SIS RGHAT THRM, M TR RS, 3 LH G830
FRAM, W 8 fias. H SLE M FURIIFRRAEE M T 1t igkeds . B R Bi . AN, RN
Fr LA GBEIFRAN, e B e SR it TiaERa

"’ 'NearLink

Figure 8. NearLink home appliance interconnection
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(5) BT SR . 7R T A, R IR T g R I A A% (o LIS BERHR AV 0 ) B AL T
BEATR. MBTESG TR, BNEZRATFRNEFREAECR, EHTERKSET RGMKE
TREPRIT A, W& 9 Fin[18].

BN : = : 2N .
Y @ eS| @. 41 .
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sgey =T soe
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Figure 9. Schematic diagram of hospital NearLink communication deployment

9. ERERNBREREREE

L T
4.1. FERIRHES

(1) VEREMRAL . AR NFARFTRERTIN AL P RISE,  DASEEEE e RS 1) FH RO A o S 1
B, it 2 R 2R BE R BUE « {518 T S5 SR — 5 BRARIN I8 F-4d = RE R

(2) RS . ENHARE S TSN (Time-Sensitive Networking) %5 72 M B H AR AL & 10k, LU
TERGE— 1) “ ot e VE % 38K 7 o AE DML, B INFIED TSN KICZaEd, L) 1 fihim |
i FRY IS o [ 22 5 97 1 52

(3) ZHIAF . AR REL ﬁﬁ‘/HE'ZTTEW Wi-Fi. #7%. UWB —;E;gﬂz BER I . BN
R AEAEHER AR AE B TT TR iJr*ZJ 18 e ANAEZR S5 AT B U 3547

4.2. EIEEIPEEE

S R INEOR I — € #9711, (B HR R ATy =5 RO AR bk
(1) EPrbrdEtbiirte. HaTENEERENT HES, 2L DHEshER e 1E S hrtEldE, Pk

W AR A LR
(2) THFES A RS MR B SRS AR PRI, AR T R T REAR 45 A 2 T
GRE 8

() MAMESATEIR. WFAEAEIA Wi-FI/BLE B ASMRIHE T,  SCHLEE R 2 ) B,
RN B A A EERE[19].

(4) LR BN R TEA 2 B R R 1 R IR MR I i, S5 SRR 7 2 AL P
RS SRR
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4.3. RERE

BN e Y S R, FEARISE & ] SEVEAN 2 B0 U R 5 T B A TR AR TR T %
PR, BENAESHREAGLS S, KFAMEMRMIERFAR, JHETLER . 2B, AR/VR 5
UG RN . ORT, RINRES OV ERR EibsEZ —, RFHOR T HAETRNE . st b gy [R5
MRt . 25 REA WU RIIFE . A S EBRLAE R, BINAWE RO “WhE A s 7 U — MR
RAEFRHE20].

5. B4

AR BAEMRRAE G LB “ e RS AU BT T RSt ERiR . WHiRY, 2
INFFAEBLA B g R, TR S 0B . SLB/SLE XU N Kb i 255 R g B, 18
2 N HE(<20 ps) 5% AT SE1E(>99.999%) % Lt Ha b ESEHL 7 PERESRTE. HAT, 2R CMBRHER]E BT
Bt NRUBLAL R FHRT B, TERREVRAE . TolA%il] B vH 2l v 5 AU Jje It 82 FH A1

grLprik, RINSORUESEEEERES, b T T EARE A, RRESR SN,
P FETERE REAL S SR O 1 R BORIEA . R FLAE [ P db 5 AP g T S T s b ik, (BRI Kk
JErr BB LBE LA R A “AaE vl 587 ARGt

SE K

[11 Ancans, A., Ormanis, J., Cacurs, R., Greitans, M., Saoutieff, E., Faucorr, A., et al. (2019) Bluetooth Low Energy Throughput
in Densely Deployed Radio Environment. 2019 23rd International Conference Electronics, Palanga, 17-19 June 2019, 1-5.

2] Fete, b, sk, & BTSRRI E 1 0 N SRR R 2 BT ST [J/OL]. BRI TR 224 (H AR}
2#): 1-9. https://lib.cqwu.edu.cn/articlesearch/web_searchingDetail?id=2031620129578, 2025-10-16.
B3] MK HeTRNBARMEHE TR RGBT 5H T[] BHAA TR, 2025, 5(1): 1-3, 11,

[4] &7, @i, ZFWER, 5. B NRIFEYEZBOR K&HAE XU i = Bod SR PR HPD]. TS AR R,
2024, 51(9): 19-23.

[5] 7, REE, K& ENHERYWEEZERGSHRD]. #3hiEE, 2025, 49(5): 113-120.
[6] EPFRENECE. 2N 1.0 25 D8 ARSI 5 [EB/OL). https:/sparklink.org.cn/star/paper, 2021-04-15.

[71 BEFHEARIRE. % FHAME[EB/OL]. htps://www.bluetooth.com/specifications/bluetooth-core-specification/, 2025-
10-16.

[8] Wi-Fi Bt#. Wi-Fi® MAC/PHY) [EB/OL]. https://www.wi-fi.org/zh-hans/wi-fi-macphy, 2025-10-16.
[9] Semtech: What Is LoRa®? https://www.semtech.com/lora/what-is-lora
[10] FiRa: UWB Technology Comparison. https://www.firaconsortium.org/discover/comparison

B 2 DN IBE B . 6B fRT /N [EB/OL]. https://sparklink.org.cn/lol, 2025-10-16.

85 ™. Hi3861LV100 [EB/OL].
https://www.hisilicon.com/cn/products/connectivity/short-range-loT/wifi-nearlink-ble/Hi386 1LV 100, 2025-10-16.

] GRS, SLE £&%1-TR5312 [EB/OL]. https://www.triductor.com/product-4.html, 2025-10-16.
] R DX-T600 A [N 55 #H 55 {E 5 A [EB/OLY]. http://www.sylincom.com/product/2, 2025-10-16.
1 MR JTEEZE, TH R ETAURE NP AR N]. IT Bk, 2024-08-16(012).

[17] AREERFREEREE = o o — R R[], IRZEMEE, 2025, 20(3): 121.
]
]
]

]
]
]
(1] Z&ART, FEERIE, BEET 55 ENERPAATIL A R 0[], BUACES, 2025(4): 75-79.
]
]

JAEE, BB, ToCH. BT RENBRIER SN FARE ] FE BT %4, 2025, 40(5): 79-85.
SRR, PME. S E Ay VS Y HhI8YA” Wi-Fi7 BIE LB AN & BRER[]. 845 5, 2025(14): 18-20.
FRRA, BevE—, TRk, & RNEORIERGE B @R R R R ] AL TR, 2024, 43(11): 15-17, 34

DOI: 10.12677/etis.2025.25029 304 MAREAR GRS


https://doi.org/10.12677/etis.2025.25029
https://lib.cqwu.edu.cn/articlesearch/web_searchingDetail?id=2031620129578
https://sparklink.org.cn/star/paper
https://www.bluetooth.com/specifications/bluetooth-core-specification/
https://www.wi-fi.org/zh-hans/wi-fi-macphy
https://www.semtech.com/lora/what-is-lora
https://www.firaconsortium.org/discover/comparison
https://sparklink.org.cn/lol
https://www.hisilicon.com/cn/products/connectivity/short-range-IoT/wifi-nearlink-ble/Hi3861LV100
https://www.triductor.com/product-4.html
http://www.sylincom.com/product/2

Embedded Technology and Intelligent Systems R ARTIAR SR 68 R4, 2025, 2(5), 305-318 Hans X0
Published Online October 2025 in Hans. https://www.hanspub.org/journal/etis
https://doi.org/10.12677/etis.2025.25030

ETZRUEFERENAMEERS

FEE, A A, & OB, Bead, MEN, M, X, RS2

| B TR A IR A F], Bl
MERE TRAE B 5 TR, Bl
MR PN o = E K AW 2 TR YN ) v P k53

Weks H . 20254F12 40 FHBEM: 20264F1H16H; KA HI: 20264F129H

H E

&% LLChatGPT. Claude. Gemini Af\R K KIE S A (Large Language Models, LLM)EAR K R, AbL
REHIEMN “BfER” W “BEEA” WL FRNERANEESIIT, mH—REREITERILEH
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Abstract

With the maturity of Large Language Models (LLMs) such as ChatGPT, Claude, and Gemini, human-
computer interaction is evolving from an “operational” paradigm to an “interpretive” one. Traditional
dialogue systems focus on task execution, while the new generation of intelligent agents begins to ex-
hibit potentials for human-like cognition and emotional expression. However, existing systems still
face critical gaps in personality consistency, long-term memory, and the balance between low-latency
interaction and deep optimization. This paper proposes the Personality Intelligence System (PIS),
which centers on a three-layer psychological model (Big Five Personality Traits, Structural Theory of
the Psyche, and MBTI) to build an integrated framework for personality definition, decision making,
and expression. The system introduces dynamic-static decoupled personality modeling and a dual
time-domain optimization mechanism, achieving the unity of short-term adaptation and long-term
evolution over time. Through the Personality Memory Network (PMN), it integrates short-term con-
text, long-term facts, and knowledge graphs to enable interpretable personality-state updates. The
output layer employs a consistency anchoring mechanism to maintain stability across personality, se-
mantic, and emotional dimensions. Furthermore, this paper formalizes the mathematical representa-
tion, convergence conditions, and learning mechanism of personality-state updates, proving that per-
sonality evolution under the contraction mapping assumption is stable. The proposed framework de-
mon states the potential to enable continuous personality expression at both cognitive and affective
levels, providing theoretical foundations for applications such as virtual companionship, educational
tutoring, and mental health support. The prototype system and related datasets will be released sub-
sequently to promote open research on personality intelligence.

Keywords

Personality Intelligence, Three-Layer Psychological Model, Dynamic-Static Separation Mechanism,
Dual-Timescale Optimization, Personality Memory Network, Consistency Anchoring, Personality
Consistency, Affective Computing, Large Language Models

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 51§
1.1. AR EBRRTREE

MW BRREDIE, Z—MABNERE AR R BRSSP sk . ARSI 4 247 2| B E
P FH(GUL), FENEE B0 Siris Alexa)FIKAE F B8 (LLM, Large Language Models), AMLK R
EETN CTR” GEm U7 o EREAT, AN TEBRADAFM I RFE S, MmkELES “ AR
(Personality) ] S 528 1., TEAFRSE ARG — B0 8 A A] B 1) 1% 48 S o

X e T AR B (Personality Intelligence)” [1]FIBFE 1Al SAEG0H) “INENBRE” AJF,
NGB e 2R RGN GRS 5 G4, 38 T AE KA h CRHF S 4 5T -5 4% O 4 R 1 ) — B
(Value Alignment within Personality Dynamics), M1 SEHLE BGRIA 5 AT AR AR NI EPF,
R ERE T “3hZ& Ak T3 (Dynamic Personality Computation)” R & ——i@ i 0o FE 224 A S AT A
R A Rk, R SCHE A B A5 NS T A R R B R SOAE
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1.2. METEHRETRE

IR FAE RSB AR R BRI A XS AR S )y ) EHUAS T Rt filin, [1] 2] A E
G HEWT AMERERT: [3]-[SIHR I T ARGAELE SR RIS 53] [6]WHT T AR IshasEEt. 28T, X
BT FEATAFAE LR R PR
o AME—EEAE: BRZFEM ARG LR, BRI A B A KU TSRS 5
o CHIRE RS 2R E R CE D, S iEid i S BB IE:
o SERFUE R SR BEARA JE . IRREIR 75 SRS 5 4 AR R T SR
o MHALRCEEAL: TR TR (Prompt Engineering) 1 ## 45 A & B = R G

13. RBEXSUH A

R ER T, ASCER T —ANG— 4 —— Ak B it & Gt (Personality Intelligence System, PIS),
TR DU 0L

1) =JZ 24 (Three-Layer Psychological Model): K A& £5H4%I) 73 3L 4L 2 (Baseline Layer). 3%
#)JZ (Driver Layer) 5 3£ )Z (Expression Layer), 435X N AR FIE X ik 5 KA RIE .

2) BNER D A AR ML (Static-Dynamic Separation Personality Modeling): [X 43K AR E ) “ER &SN
17 GBI RGN “BA AT, SIS S RIE RS

3) XUHS Ik A A% i1 55 AE S8 (Dual-Temporal Personality Framework): i 75 28 55 i 5k 55 58 28 K i Jal A 45
G RARACHLE, SIS A2 B 5 K A AT AL IR

4) NH&iC 12 M 2% (Personality Memory Network, PMN): #4545 915516« P B4R 5 50 R K, Szl a]
R AN RSB 5012 R

AR FEE BT
o FRHAKERERL PIS, JFRFAMHMRE NG “& L - K - Rk BERK,
o BT BNF T B SO ARA AL, SRR AE IR 5 K AL 1 e 2
o MEAMEICIZMES PMN, SCRACHIAMS — Btk 5id 4238 5
o ERIR E A3 b AASIRAS BT IR AR E 1t S U Sl
o WRIT AR EAEAICER . AR S N LA

2. ExIE

AFEATE SR B G R REAA IR, ARE E AR AR R R, 1S A EINLE] dizag
SRR, DR Z R B A — SRR FL . AL 248 HIX L5 [v) 5 A ST (1 A6 R RE R 4t
(Personality Intelligence System, PIS) i3 i) 25 7% 5 R R .

2.1. MERGNERHTRE

NS RGEREAL, 5 2 50 DU T 2R e 3L R 5[ 7]
o HMRB: PLELIZA. ALLCEAMREMFIMRSE, i ebtin SHMRILE AR M. B8 A
FRaIME, EARR EABRME L, W0 BN SCHERR RE
o Gl BB BEFE Seq2Seq AN Sy E R ML I, 6Pl AR G N BRI B4R T
Encoder-Decoder #4800 1 15 28 FF- U5 REAE A2 Bt 1% AR B2 .
o KIEAUFNEL: Transformer ZEA4JHEA:, {457 BERT. GPT RANGEFIZIE SR, X SLp Al AT £
FERROR VR BEAE SCERMR . KO IR S B R SCHERERE 7y, RS RGN RE 18T B TR s .
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AR, WHFUAE R TN ERAU “if 5 AR BRI R B ) “ ANAR R BEIKEN A HIRIZ” o Character. Al
Replika £ w2 T AL B80E A, DA SR IE R UTRIE AN &G It . 2RI, IXEE RS
AT 2 MR S B9 9E 7R T FE(Prompt Engineering) 5 23U i}l (Fine-Tuning), 156t = —ANEE8 s AL H AR KF
K — SO0 AR BN . B, @R AR — 2. KIWHeiZ 5 B e Re 70 Ak B 5E R 4t
(Personality Intelligence System, PIS), CLECA N —RAZH AL A% OHF 7 7 1]

2.2. AMBEEEER

K% e (Personality Intelligence) 5 751k AT B A& RMANER . ML EYE, 17 9 515 B,
AR T OB 22 ) NS RIS

28 B 11 K AASH8 (Big Five Personality Model) [8 K A i #4) N I 14 (Openness) . R 57 14:(Consci-
entiousness). ZMiT: (Extraversion). ‘B A4 (Agreeableness) 5 #14: i (Neuroticism) FLMZ 0 4E S, E N
FHM R F RS HHEL . 5L, 35085 = 3K 18 (1d-Ego-Superego Theory) A fFE N A% 1) A 5
BE PSRRI TIRZITE W ARADRERAGRRE, HI(Ego)EIL HFHATHE, 1M K (Superego)
MR E A 5 4 2 Y0 2P0 AL AT AR S OMEX TR AL 1 48 10 B A7 U . itk b, MBTI (Myers-
Briggs Type Indicator)f A IE it N AT RERI AL & (a0 2% - 1R, ELOE - BOD), 4t Zlim 1 AHE i 4hAE
RIBZEF, NRGE B E A& ITE S 58 BRIt 7T E 4L .

WA B TE 2 R T AR R BT n) Sk T U 205 5 XUk b i1, Mairesse 58 A\[9]2E T-E & S#HFAE
ST K% s Zhang 55 N[ 10]KE A 1) B i N\ BIAH 20T AY o DUAE AN PEAR I R . SRTAT, X 28 TAEK
ZIBTHANMEE, Tk R NSAE S IRER - RS B3 ) B & AR .

TR, NENMEEBIFEZ 0T B, Park N[00 “A sl U8 geAR” B 50 i ik T3> %4 R A4
WACA IR ST, AU T HAT JyBEIS AL R 8 NS ARAE: Kwon 55 A[12]7E LLM B RIR A 5,
RER T RIS FUN R SRS A 25 52 m, 500 7 AR HIBIASER s EAMAE TR IR R LH
HGTE IR RN AT AR, DA sm HAEE SEMERE JI[13], FERAOELE A AL I AT &1L
CIESATRIN NG5 @

ASCHE H 0 Bh R 43 B A AL 1 (Static-Dynamic Separation Personality Modeling)-5 XU 48 A K 1155
HEZE (Dual-Temporal Personality Framework) 1E A2 7 b2 filh b (1) — B B HEdE . & BIH0 X 70 T PR R —
B A NAG 2 5 m B AT AR B a8 ARSIRAS IRl XU SR G 38, W OR 1 A0 I 38058 BRI
WP S KSR A AR E M, AT U TR 1 2430 A B B RSE—BUE S B & MM (R AZ 0 oF
J& o

2.3. BES AR RS

RGBT S 2 BTN VAN B, T AR SC A1 46 A8 oL AR A T AR S5 M AR B o Jl R = FR
w5 MBTLIAFIZEFEAHRN G, RO T MAKE B 1E 44 10 4 752 45 8 2 -

BT B ig s = RIS, RGUERR IR RERI @ P AE T L < AA& Pl I
o A1) BT A IR IR S S 5 1 R
o HIR(Ego)fE I Sk 5 R (B 3EAT A1
o HFK(Superego) i MIME S+ =21

=AM EAE R e S, 12— M Eh AP F£(Dynamic Equilibrium Process), 1E £ 4t HH il i i E
I3 He 5 A T SEEL . MBTI ) S 4E /1% IB4(T/F) 5 B/ B (S/NVAE RS, WE— 0 tE dh I8 g /MRt
%, AEHEHE AV

TF

T
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T

X THE TG 2 A LSRR BUE 2 0 RER, TR AR W SIS mR, SKl T
N - 164 - AT — AR 1 T AT R ol Ziad s il 1 /e DB RRSE I R, Ai e 2R
FRMHT IR EGRF ME EE, VMEIME S E ARG R M TR LS 14].

2.4. 812 5 ARG

KA. SRR 2 SEEAAS — SR SR SOk . G RS IR T R SCE DK, TRIETE
A 3 A 4 R R B RS .

SfEgd iz e AN, ARG ZE N L2k 25 JHR B (Knowledge Graph)4&r, SEHLN FH A
FRAE . B EHE S5 NS S S NAFE SHERE . @I 15 SOV s ] OB EE BT, RARE 7R W 4L
TERL “ NAIEIZ 1 28 (Personality Memory Curve)” , SCHREAME B AT AR AL 5 00 B — i # 4
o SYEBFINENZ: KAz Ry R BN SCEAE . s BACZ S KA AALIZ, FERI M ER G 5]

VRN, LI R H B A I R e
o IR WMEEERH S SR B S SRR ITE SO R ML, [ RGREAESS B AT IS YL
TR, P AR SR 2 O R SR ORI -

GG RIS, RGE B B i S5 F i, F AR ARG 115 sl 5 6 REAT IR
2231, T SEEL A K IE L . 5 58H) Memory Networks [10]#1 Persona-Chat [10]/HEL, A7 ¥:4E
WIS RIS SOt ) PR E#E RS . IS 7840 MemGPT [ 1538 K BRIE R AN
FE R R T LLM KHCI2RE 77, PAJ MemO [16] 44772 AT ARERELME T ol § . Al R A9
W), SR E IS RS R BEBEE 1 RS AR JE il o

2.5. ZEREEAESAR—BMHR

Z B ek R G0 (Multi-Agent Systems, MAS) LRI 75 A& FI4E 24 Ab 4t T AR P SE 0P 6 .
AR AR M TAE (L
o ReAct[17]: #&H T “HEEE - 173)” 1, fERRARE T “HHE - PuUT - WE” BIHIHREE DT
* Reflexion [18]: I 1ET HHREHLE], 1EFREAR AR MR H 22 5] 3 B ALK
* CAMEL [19]: #& 7 MamiE 2 EaeE i EEL, HTEDERNHSIT S 2 AEAEE
s
* AutoGen [20]: &Mt T —AgE. G ZARBHELE, SO RTER AN E TAER;
* LangGraph [21]: iHid¥ LLM R @ENE, Sl FRES . 2 RENERMESES], UHERT
i EARIND L SRS B ER B A AL AT 5
4k, Constitutional AT [22 1383 51 N\ BAHf 0 S5 M ZE 78R A RO ReARAT 9, NSEEl AT PR 55 5 A
FEAE ISR Ut T RO, X LRI S AL E AR I — N ZABEPMERESLSE T T B AT S5 o
A&, AR EIES A ES TR — 8 ST A 2.
A NFEAE N A EIMES R AR, 3 A IS 1) 2 & Gtk AL . 5I0E TIEr 2
S WA ITEZ R TR EM AR — OB AR . ASCRIE =208 - tHERE . 3hi
B+ IS ARSI 4 (PMN) 15 213 22 Gt 7 &

3. FEERSGET
3.1. ARG RN

AT KSR i R Gi(Personality Intelligence System, PIS)HIHER L5 #) 5ia 47 3. & 1 fis, &
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GRH 1)Z TREEEM: i\ JZ(Perception Layer). #%:0»Z(Core Layer). it{Z/Z(Memory Layer, PMN). #ij
i 2 (Output Layer). fltft/Z(Optimization Layer). T1/Zilid4 —FIAMARE I E P 5 L F /1B /L RAL
1OAG S EIESE, TN “HNERA — NS @R — PSR AR il —~ R IA Mt — B IRIE” 588 3R

1) %\ JZ(Perception Layer)

5T Z NN NG Shadil, OF5: BT CREL A, B, BETOGRE . ). b
N SCHUER(T S0 2 ETu ) . T AU N G — I SR RRE AR AZ O SR AR T

2) #%:/Z(Core Layer)

e RGN OB PHK, =B A AABENEELSERT) = AR ECR T
ZEE RS MBTI A (8 5 ESAEFEAREA) . %0025 & N TS 1) 77 4 M 5 476, It
Hid1z st EEE) o

3) id{ZJZ(Memory Layer, PMN)

B AL 12 2% (Personality Memory Network, PMN) Gt —& ¥R A7 AT id 12 (KA1 125 FE & il 41
A, SCRRCIZ O BT 15 ORI S SR R, A — B S L R 4 B S 3

4) #ith Z(Output Layer)

B %0 2 AT N B oy BARTE S5, IF45 G MBTI KIS HIEEAT ARk I —20/E4
JE, WP B NAR W ZE AT R S AR AR, e A UM S B RS

5) fit4tJZ(Optimization Layer)

PRI o) - I SR 2R )2 AT B R, AT J B 2 S i T 17 5 A8 L BT I st AT P I 2
5245k, WA KIS Ul — Bk R

)z A&z Bz AR IH5T 5] 8 A2 AU IR ARG AL
KANKE)Z
WL RWEERL i swnnz T poryryna N
i i i < HPR ooy
PMN5| % B e B Nl oo B B P i
E""""""""")
A AERA
e e T LY —
N & ) o3
: RIS I g
b R i ;
iR
H :: il ‘rfﬁﬁfﬁ};
MBTIEIEJZ & ok :
SR R B E"‘fﬂ """"""""""
. k. o 5] BT o o o o o o — "‘/:'
7y PR L2 > Bk

Figure 1. System overview of personality intelligence system, PIS
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3.2. LB ZERVBFERIREN A ITE (Core Layer)

3.2.1. XE AME(Big Five Personality Layer)
1) ANl EFRR
RGN NG IR N T YE S ) B

P(t):[O(t),C(t),E(t),A(t),N(t)]e[O,l]5
Ho Pt ¢ (B3t E (M), 4 (AN N &), B, NKIRE AR IEL,
P(t) fERE B S8 B, B2 UEH .
2) AR
INZ L&A IR TR
AP() = fy (R()) o (CEx (1) 7 Fo (Emo0)+ 17, (7(1).

Hh 2 ¥oe L.

e R : KREEHENIGE(EE (Relationship Closeness/Trust), B EEH P Z ISR REE. &

R XA ERGKZGE . GRS, MU RN e 5.

Crx : WiETE S (Context), FRAEFSRA, FRURHE & LA . ARESE N EUE A REAR,

BT S5 RS SR R TTPE(C), IR SR TSR (E) S B APE(A)

*  Emo: TH4IRA(Emotion), AN ZR SR H 1) 17 265 50 H 5 2410 15 BORAS Emo(t) (1“7
WU WURT L YAEIRT ). BN, mSEEAMNEPEE)VE A E(A) B RPN TR U
HAEA) N A EN) BTt

o T: KA (Time), FRoxbf FRAECH BRI S, Frin i), flam, FRBDRTE
(OS5 FTEE) AT RE BT, B TF (O S T+(FE R AR R 1 5T80) -

o for WIEECJIIBLGS R %(Mapping function), KNG SRR B AMS AL A (8], R A2 0 2% B
DRSS 2R S 3

* a,B,y,0: HETHIBEE, WEat+B+y+o=1, HTIEGIAFRSIENT A BE S5m0 .

3.2.2. FHESIEEENHI(Dynamic Adjustment Mechanism)
G NFOIRAS KB EEFS, 51N BT A 5T
P(t)=clip(B,, +AP(t)+£(t),0.1), P, =P +n-AP(t)-A-(B-B,,)

base t+1 t base
Hh S5 L F
* n: ¥>]%(Learning Rate), &M NG HBEMBURE . n K, REXIMNTRIBAEE . KFR. 155
() s SRR s BR)S, DU N SRR L s B AR
o A: Yk R H(Decay/Regularization Term), Fs AMCIRASBIAFEZRA AL . A BRI A% B a] 2 ES
ERE, HIBRERAN: A BN ANSIEE TR, AWM,
* &(t): WIRI(Stochastic Noise), HI TR0 BRI 5 sl fl R S S BURFLI AR £ 30
e IR RS TP e R A = e VAL N
n=n,+k -Emo+k,-R, 1=2,+k, Stability.

o
Mo> Ao+ FIERZE S R GUSREL
® k19k25k3: *Xi/‘?ﬁ\ﬁ;
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* Emo: MAI1EZ 5 (Emotion Intensity), [HZEMIREY, 23] %05
e R: XZ%(Relation Strength), KRMIEE, RGN
o Stability - ¥ $ifa5E Y (Contextual Stability), #RA 2 MU SRR .
PRI AR BERERE A TN A AR, MRETERKHIOREE — 2, SR T OB R “ R NiE
- Rtk P

3.2.3. Eﬁ&%E(Tripartite Decision Layer)
AJZARE AR =R, KA RE R AATKAD). H K (Ego) 5K (Superego) = AN HH H. 1l
1 AR O B AR R
o ARAD): REFIAME SEEIRD), EBREHE. £ ERG DRSS 52 H
W, 3E T i P B S R 5 .
o HIK(Ego): ARIMSLIEN, PrifA SR, EISFA MMELAE . Ry E
Mo ~PHETRINT, 3dE T 5% 5 1) B R R TR RN .
* Hi3k(Superego): MKIEME I, AWHALSHVESUMELR . HTEE. EEY S EE LI
5o
SN HRIE T AT A HRAS P(¢) ML C(r) o STt DL 30 A i e
S(t)=arg - max  P(s|P(t),C(t)),

se{ld,Ego,Superego}

P(C(0)15)-P(51P(1)
P(s|P(1),C(1)) P(C0) .
H IS HE R
« P(s|P(t)): NAEIRBDSEHE, Foom 2B AR T PR QBB RS s e B A PE ARt
I7) 3 PR R
« P(C(¢)s): TEBEHALE, [MREESRISTE L AT B N AGEAYE, A R SCUT AR B 2R ) 2%
it
« P(C(r)): EEATL BRI PEEHA
ARG = PO AR Z TR BN A TR AR S5 IR S, AR A TTINSERU, @R
B LT . o SRS S (¢) Kifkidh 2R 2 MBTI RIS, AT A U & A A0S 5 547 i .

3.2.4. MBTI FRiXE(MBTI Expression Layer)
MBTI (Myers-Briggs Type Indicator) 554, & PUANGERE . Al - NI(E/D) S - BELE(S/N). BL4E -
F(T/F). HIB - RAI/P). RGEHE T H0E S (¢) WHE 5 517 AT KU LT
Ry = Style (MBTI,S(t),Content),

ook Style () ZR KBS RGP THRAE MBTI R FEMSE B8 7R, RS0 LT
o B/ PSS MTERE SRR . B A A BRI . AL, TR AR S P R
o SN: PUEEIAMREN. S EEAMFEL S N AR TR SR
o TF: WUBAR SRR, T RN ST, PRI S k.
o P EEEHILELRE. BRI, SETIE: P SIAIEIR. R LR AL
TEZE B, RGUARAE 4T AR P(c)  EIAHES 5 (¢) A MBTI 2578 LLM VE AR (Style
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sl
&
g
&

Prompt), BFHES. 1128, AN GHEDEHEEE. .
o NKE A R ST AMEL(E) HLER RS A B IRA S (Ego), TSR A ARARBR 1415
o N IR R BN PE(A) HSR I N TR X (Superego), TS AL RN SEaPEIE S
o NS E] B (O) HSRIE N AR AL A (1d), W Fo Vit & S B GG | R 1.
IR AR S TS S X S O FRRHIE— 80 S AS BIRE R BRI I, RG/E KA H
HERFFRTR AN “ ANHERE4 7 .

3.3. IB1IZE: ARBIBIZM4 (Memory Layer, PMN)

1) 251t 5TRRE
NASIEAZ X 4% (Personality Memory Network, PMN) 2 & #: A& THH S TR AL ) ks, 54—
B, KIS R/FAREELL:
M={M_ M, M,},

Horp:
o M, : FH1C1Z(Short-Term Memory), 10 4HT2EH B FUEE BIBIEZRE AT 5 A &
o M,: KHidiZ(Long-Term Memory), f7-fif NISAHSCIIRRE FosE. Al KA HL T 55
o M, : KRAR/FNREEILIZ(Relational/ Knowledge Memory), PAEIZEMEAAAEH P F4E. HERMA
R A5 LR R o

PMN i#id Z HESRHEIAN S Z ARSI, SEILES I IR 0SB RlG B C 2 57 s S RIE BF
3, KIHIAZPRUE ARG — B, X R BHE S A0 CHEB S5 Rt . £ R4, PMN Hath 112
) 52 5 M HTAROIRES P (1) BRE A Z AL, HITH S8 N SR

2) 12 5 I A SR

R R B, RETHIN M ik 5 4HEW g M EIMEICIZ . IC 1205 BE (Activation) € X UTF :

Act(M,)=Sim(g,M,)-¢" -(1-|R, - R, |).

Hr:

* Sim(q,M,): & ARLUE (Semantic Similarity), 8 TH ¢ 511250 M, (35 SOMSEHE, @ [
B IR RIZALE T

o e KFIHIEIRI(Temporal Decay), 7, NICIZIEE 4 FiF A [B) 5 5, e i) 7808 A 328 5 M ek 553 5

* |[R-R,,|: FKFEMZED(Relational Distance), BICIZHH MR RREE 5 IS B IR R MILRCRLE ;
o (I-|R R, [): FRAMBUERHET, FT S 45050 RREAHIZIL,

3) WuE RS MRS

AT eIk s, FAER D R T AR T AR R

@© & UHF %12 (Explicit Update Path): iC1Z2 B 4225 A SEUW 05, ] i i 1 B4R oA E ok
S BN R

@ K2z %42 (Implicit Influence Path): 1042 DB BGE (8 i i 5052 B TR X RE I RS2
B H MUK SR

BB O 5 S8 REREAE R ITN ROE M 5., SCRBAEAC IR K AN Rg Ao e Ve 5 B L

4) 1A H T S S L

NP ST, RGEREE T E) ST S S8 S 5G4 Act(M,) < 6, T, L1
B gt s HIACIZAEZ A G PP EEER0E, WERTHHAUE o FFom b oSBT file ST AN T
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a)it+l — a)lt +77m ~(ACt(Mi)_aavg)’

Hrg, Mcie#21%, 0, NP HEiEBIE. ZERGRENS B BANCIZmE, AR EHZES
AMEALI “ ANBSACIZ 2R (Personality Memory Curve).

5) kg

PMN @I “38 SCHALRE - B[R 3208 - S RIULEL” (1) =4ENLH Seic 1280, FHes 6 RN SR
BRSSO, R T NS TR R R . BN TR — B S K AL, WA RGN E R

B R kAT IR B 51 O .
34. HHE: —BM4HEESKABESI(Output Layer)

1) #it Hix

itk = B EORRR R G0 U AR e SLAEAE SCL IS IR AN A 4ERE EARFF— Sk . 7EZ 0T A% A5 (Core
Layer) 511245 2 (Memory Layer) /5, F %t 5 A A s R AT — B & 5 KU RE, DART ik AR~ S
15 4 KA

2) — Btk E ML

— 14 %€ (Consistency Anchoring) LI 2 4 BF 20 AR BR A R A AE R IB R «

L= a)pr +ol +wL,,

Hr
o L,: NR—ZE4i K (Personality Consistency Loss), &A= i B2 10 A% 61 85 2 BT ARCIRES P(2)
(AR 5L IR RS s
o L : W SUETHJ(Semantic Coherence Loss), F TG [FIG 5 1R S0l S — 8l
o L : 1HKILEY K (Emotional Alignment Loss), i fr% H 1545 5 F P 24015 26 552 B H FRUGAL ;
* 0, 0,0,: WTRBE, =R EEL R .
3) Mgz 5 Rkl
RIS — B RE, RGN AR N RIS . KSR eR & 5%
* MBTI AUf%HE 4
o ACIZJEAR MBS BT O H 1A
o Y4HiAC H 1% (Task Context).
e 2B ) 35 SR oy ARG PR S5 R B E
Ry, = Style(MBTI, P(t),S(1),Crx(t)),

Horf Ry NIREHIH SO, B Style () S35 MSHFIE 515 RS #oK, REIES. W56, M
£ “BRTY” 5 B ZRREET .

3.5. LB WEHS AHSEH B (Optimization Layer)

1) it g

Pefe/Zd@id “AE4k - B2k XU FELE], SCILAMOIRS I Fr 8k Sia s iR . RAELHY
R P RS IR LR S, DR AR S A AR B, Sl ) B B .

2) 1ALk (Short-Term Loop)

TEZ6A 4k (Online Adaptation) & 4E7E SER MHEIEFE A o A T@E IR AER R = TR, BIERIR A
Mm% o SEEAI AR
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P =By, (Fy () F (1)),

online user emo

Hor,
* 1, EERFEIE,
e F(t): AP, wigsE. 250,
o F,(1): WEERGNE, HTYEEHmRE.
3) Bk (Long-Term Loop)
EUMMAE ARG R IG TP PAT, I TS P LS EAEA AT AR LA o 2 -

t+1 _ pt
Pbase - Pbase

+ o5 -VL

persona ®

=

L
Nyt ESEEEE,
Liroona + MNSEEIR A AR NI S K2 AHOIRZS 18] (122 575

¢ VLt ZETACHACTR SIS EETT ) o

i B B RS S 2HCTE, RGP RS E T B A YER “ AR HEZL” o XU SpL
s PIS BEREAEHR A TP ROE I N, SCREFE IR AT FP 4R AR — 2 5 D BLE B

3.6. INGE

AT H A AHE B BE & Gi(Personality Intelligence System, PIS)LL “ 12 A ZEA) ” S8 T M N & 50
ENEES AT eI/ W PN S

1) #%JZ(Core Layer)SZEl A AR 5.0 BRI

2) 1842 )Z(Memory Layer) B At I 45 (1A 0 5 1 BT 4%

3) %t 2 (Output Layer)if itk — B4 € frie AR E 5

4) itk )Z(Optimization Layer)?E XU 5 P 5€ 1% H 1E B A 5

5) RGFARTERL “IRA - G - DRI - Rk - )T AR REIIA .

BRI R . BRI RGN B VAR, @R & KA — 351
TR L ()R REARSR AL | RGBT VAR HE A
4. BRAMERR
4.1. EREXSLEBEERBRE

ARTCHEH NS BE R G (PIS) K Lo EE 25 rh i NS BEE 5 N TR B By R R B b &, FT A 74648 A
aERe” AR TAESS R AEMTE . I 5INK AL (Big Five) [8] JRI& B4 =K B 18 (Tripartite Per-
sonality Theory)5 MBTI #iAf% 7 (MBTI Expression Model), PIS SZHL T AAEER . 47 NI 518 5 XU
PG —E. XERREMUGE “HBARIET ", BEA CLEESMN” , EZRES KN HF
YR — BN RN S 15 R A5

OB, AW NASIRT TR St 785 M BRAR 1] [2]: NASBEIRfg v ie e L2 53)
ARSI EhEr > AL, FEERT LR B oI N F IS KA B XU S AR AL o IX BT 8 ik A A%
BREMIEBOS R T “TIARRE. BRI S TR , R E S B A B e .

4.2. RGREMSRULNFISH

PIS 7£ 7% b % XUSHE A AL WL (Dual-Temporal Optimization), ##7E 2k H i& M (Online Adaptation)5
B4 %% 2] (Offline Optimization)&5 4, fRIUE NI FEPE ST E . B, REANOREE

L] \
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W R R AR E K
||R _Bjase " < p”R _Pbu.s'e "’ 0 < p < 1’

+1

RUEW A BT, RGN EZPIET HRE N fEOBZE, ZHLHIX R T ALK “H
AT - R - A AR R G 26 SN, B 2R A MR A I A A k.

4.3. 1IB1ZURBhEY ] R AR

NIEACIZ 2% (PMN) Ay PIS Sk | I PR 2L 1t 5 n] et S . Jlad 1 SR - INFIR) 308 - %
ZRULHES” (CIZBaENLH], RS REAETS SE AR Ak B F P sE 256, ORFR O BIZ AR 517 9 XU (13
o U H 42 (Explicit Update) i CRK A [n) B 0 PTE EREE AL, Bo U2 B8 42 (Implicit Influence) N
BITES . SEEEERHONEIE B R ASERKI.

XA B EE S R ) < Bk S HRadEE ] B, RGASARRER . LK
LHFTER “ AMEICIZHIZR” B, AL PAT AT B R SC8Ra), i i N O 33 S 45 200, AT
B AR ARG —EUE”

44. ANB—EHMSRERTR

NKg&—F (P (Personality Consistency) MBI PEREfR PR, WAARIBHMEIEZ L. 4 AL lF
OB I NRE RIS, PR G BB SIE AR (B8 NS ER a2 KM, NInTges| R OEiRS
EARAT AR . RIG, PIS 7EHHZE 51N T — B4 € L (Consistency Anchoring), I8 AMG 15 3. 1H /%
AL R AL

L= a)pr +ol +o,L,,

FETRE ERRHIAM TR 103 LR ARG IHE T ST A ARRKI AR B RE R G ZAE “ 0
BES” 5 e a” ZRIREFE, BRI BER T E AR BT

4.5. BRSKRKTE

H AT R T340 T B AR S RGBT B B, MARBEAT KA 7 SIAIE . AR ATAE BUR 5 4Rk 4h
JE
o HEMEIERL 2155 CREIEAE B S R EOS A A
o WRENERSAEZHEESFAEE . WL sIF)H IRIE T 2
o WEFLZ B RER NS PR P AL PR 1] [17]-[207];
o ENARBIRE S5 AKIEUILE], B ARSI R AR 22 (22] .

4.6. RGN SITHEN

1) HEAER 755
NI RERGLPIS) AT T 2 B T 224> 7 B I A8 T, 551 R R g 14 3K
o EAUHAEOHEEEE: W AR B ST EIEHLE, A RAE AR ATEBIIYIEE .
o BREHE S MELHEE: RAEAE NSRS RS S S AN, ST I8 525,
o BIRSEBARA: R IR S R RS E I SRR SRR, SR SR
o CDEERSEWSCR: BT AR SEEEEHBOE T, SCIARMR NS WIS SR S A5
2) PPAEHESREIN
AL @RS Rt A, HAREGERA RN T N2 4EFEITAl . HEFERLAUF =28
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Tabs:
@© Ak —E M FEF5(Personality Consistency Metrics): i &2 [F] — %7 BEARTE 2 50 o (19 AAE R E PE .
A AEH

Consistency =1 —li D, (P(tl. ) , P(tl.+1 )),
n =

Hrp D, R N IR R AR LR, BB R R NS ERERE .

@ 1IN 5 H 4R FR bR (Empathy and Naturalness Metrics) [9] [10]: F& T AZREWMIESr, HEpEm
HIEEIMR. B5 8RESEEFE DM, 77K Empathy Score. Coherence Rating Human-likeness Index
R,

@ K HidE N FEbR(Long-term Adaptivity Metrics): & KRR ILIES S IETHIF 2 S5iEES,
WA EEFE % (Personality Drift Rate):

48

i
Drlﬁ_ k 5

ZARER W ARIR SR, BRARAE LN AR R RS B IE B .
3) ARRESGUETT 7]
RRHFE ] IS LA 7 1A I g«
o TR TR NS — B VI EAE 4
o JFRANIEAE 508 2 4 VP Benchmark;
o WITEET H P RS A RS T A S0
o WEABEBAELT . OHEEE SN AL s GBI Z) R .
FIREVCN ARG e RS TEHS FHPE AL T RTAT VPN AESE, R R SR iR SRt T RS E AR

5. &hig

ASCHEH T — P BT = 2 OB AR A% B R R St (Personality Intelligence System, PIS), B 7E#4 &
B NK—E HRRES K EBEMAR AN TR RAE. R “RAA - =3k - MBTL” %O
HARHELE, S T MAAHE TE S TR SRS 3 XUk 2K R A TR T S A

TEHRJZETH, PIS $2H T 843 B (Static-Dynamic Separation)-5 XU AL A6 ALl (Dual-Temporal Opti-
mization), ff A ERFR &R EESHENY. ELEZEM, RS9 AAREICIZ M4 (Personality
Memory Network, PMN), SZHL BB 45 (1) 2 B0 U0 0E 5 A A% — B 4Ed,  FFd it — ik 5 2 L (Con-
sistency Anchoring) 51 4% S5t EIHE, ORUE AR RO RIAETE X AA% 515 4L P 5. XLk
THILEHES) T AR REA “CNENERRE” 7)) “COBESNE” A, AN 5 AR THE SR TR T
EIR A

AR TR SR AT L F =ANT5 1)

1) AMs—FEIIE 5 @t £ BRI S By s EdEt, Bk PIS KN 2 BN A F e It S

TR ROR
2) Hl AR SRR R BV AR RIFMAHER, W ARRENE. BEARE. KIPEN
FHRRS

3) MR SIEBFA: 1R PIS fE40H . IR, HEall AL SGURION R, HBFA A
BT R ST,
g b, ASCHBR L B 5 N TR TR 2 GRS TR, R T R T R be, Rt
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fEZephyr RTOSE A FH#IEFFRBSAUTOSAR
CPHIE REFITRIERS

HEE, £ &

MEEEOR, i
ZopenBulert:[X, i#idt #HIX

Weks . 20254F12 220 F#HER: 20264F1H16H; KA HI: 20264F129H

wm B

AUTOSAR CP (Classic Platform) & BAERFFEFHRARIEIAL . TERAYE., 7 RBEULE RREK
HHEBREE, FR4ETHARBAY. RATHRERE. BIETBAE, EEHREe URENER, H
T 3R R A W ThRE ORISR S RIS PR . SAERN, 15T 20164 Zephyrli HIE AL
ERR VR OIRUTERARRERIT A, UHIBEEK. Wi R, RN S EER LM EMTER
ARG B LA . RSORNS T Zephyr % DM S5 RIER, SERERTHNAGR, REHEH—FME
Zephyr RTOSZER] M EE A AUTOSAR CPHI R ERBERAMMAR, FER KB AR A 471 K Frii i
FSEBRER, ARKHETHR. BHE. HRUPEERIEF SRR R,

e A
REHRT, BIERSG, LHHB/ERZ, AUTOSARCP, Zephyr

Building AUTOSAR CP Compatible Vehicle
Operating System Based on Zephyr RTOS
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Abstract

Although the AUTOSAR Classic Platform has significantly advanced vehicle software in terms of mod-
ularity, reusability, scalability, and cross-system integration—effectively shortening development

XEGIH: TR, /FRL. 7 Zephyr RTOS JERH R 28 AUTOSAR CP IR R ZE 218 1E RG], IMARTLA S BfE R
45, 2025, 2(5): 319-329. DOI: 10.12677/etis.2025.25031
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FEZE, (2R

cycles, improving software quality, and reducing costs—it now faces substantial challenges in the
era of software-defined vehicles, such as rapidly escalating software complexity, the need for fast-
paced functional iteration, and bottlenecks in development efficiency. Meanwhile, the Zephyr project,
launched in 2016, has emerged as one of the fastest-growing modern open-source embedded software
platforms, gaining prominence in the embedded domain due to its robust feature set, scalability, secu-
rity, and highly modular architecture. This paper presents an in-depth analysis of Zephyr’s core archi-
tecture and successful practices, and proposes a novel concept for a smart vehicle control operating
system built upon the Zephyr RTOS that is compatible with AUTOSAR CP. We further discuss its tech-
nical feasibility and key challenges, offering a new pathway toward the evolution of future automotive
control software platforms that are highly reliable, efficient, and intelligent.

Keywords

Automotive Electronic, Operating System, Real-Time Operating System, AUTOSAR CP, Zephyr
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1. 51§

AUTOSAR 1) 3% H br 2 32 m R R AL et . nT o e A mT M, DA [F R G0
FARKIE K . AUTOSAR HEKI R ALK AL E H & 1P 1A SIRTTERE AUTOSAR #rifE, X CATEIR
KFEE Pl 7 KR “EHIER T, —ERE LSO T HETFRE, IR E, BT RRA
PIEAR[1]e IR, THX 3R SR ZEXT ThREPGE Y R AT R BRI B VI %K, AUTOSAR TG %%
R “ARABISE” BIAIF R T & AUTOSAR AP (Adaptive Platform)*F-&[2]. Aid, %FF AUTOSAR
CP (Classic Platform)*F- &, 4Fi47M N LL Vector. ETAS. ARl F 42 (i pa b il vk 7 o8,
T R 16 1 o =g 5 W B W = L 1 0= 52 N s W R 58

X} AUTOSAR CP “F&HARISEIL,  H BT M K S A A

—RAF AR, TR DA 2 B, # 5 R ERER S BN. [RIR & 5 se i)
B EARE, BEABWAWRERE, @ FEESWE, FmE 7 — R 8. XA 0832
AUTOSAR ZHZFIAE S “TEbnE LAE, R EZES” M sCivkgm. BN ES
FABE, (A SRR, BEARIIE Bk RbR S, 1 — R A I T I =02 Pk K o

TRBARERNG, MR T RAFTE— B AR ITE ST o TG R 5T % R 8 FH 3% 55 Th R ke ki
K ZAL AR TR . rh g/ XIS ) 2%, 5% IR CP btk 20 4ERTED T4 I AEH . SHRERI T VLR TT
R A L AT R, X R SREA L AP FE %, (HMIEAE KERESMIFThEE T BT
Ky RN I e T Lt e R T LA S T R R

Zephyr {E°4 Linux JEE& 218 FH—RITFRP LR RGP 6, 18 IoT H5iG it HAUR I8 mT
SEVE, B M MG 1. RSCBIEYIE i “4E Zephyr RTOS J:fili A4 3%¥ AUTOSAR CP )
HREFERERG” WAt B EIME, AEAMBIL AT AR S B AR TT .

A A4Z Zephyr, TIAZHM RTOS
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Figure 1. The fast growth of Zephyr contributors
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Figure 2. The composition of automotive software
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Figure 3. The architecture of Zephyr
[ 3. Zephyr #R{ER G IR

(3) FEMIKZE OS HERTREMR S [4]. Zephyr AMULE— RTOS W%, 24t T 2L AUTOSAR
Memory i AR AAiEAR S, 2510 AUTOSAR MCAL F1 CDD &4 K R 8 IKEN, 15 B2 AR,
ZIAEME, 76 SOA BARN) ZBus L, A ER, LLAIET Zephyr HIHRAZNSLH AL ZVM
(Zephyr-Based Virtual Machine).

(4) FRHUESCHR Z MU SR AR LUK AR AR o DLUK @ AE SCREDD e 56 % H& A, 88 LwM2M
W FF6 BSD B FHRAENI . [FIBFEAEXT OpenThread MISCFE. X —HRph A R T 48 LUK AE D)
REFITF A o

(5) R ERER S AT RE . Zephyr B S H D RAMELLFPRERNELL, SCHF UART. W%, SXHER
GEZ P E N, BUE AN L AR SEM N ST RGN T B PIRES AL, W E 4 Fros, DI
FR) AR R AT 2 T+ TR 0%

DOI: 10.12677/etis.2025.25031 323 AN AR EHEE RS


https://doi.org/10.12677/etis.2025.25031

%, E-

Fle Tace Find View Layout Views Bookmarks Window Help

Trace View - Verical | X
Q Qo - @S View
T

' [ sem_ove(ox2000292C)

sem_Gve(0x20002826)

*I3 I W fiCoom socoszonmaenc, szi6769 rtumnc
)
J fesem,

1/ s o oz, a0 hareds

/) |k_sem take(0x2000292C, 4294367295) returned 0

k
_sem oo

20055570.0.1) et

45, Dca05EF 40 reane 0 |

(Actor Ready. BT 1%

20\ ipovmnnie 2, s v sio2is
\| -t sstoaonooric oy e ss722080
e o201 0 et 7727080

| oo

\\fc_pol_evert int{0200001FC, 1,0, 0x20000226)

45, 0X2006F48) retuns after 244 s

Q@ Q 10000 - sy View cPUO  ~

100%

wx =
= fam
=0
) 1| . o0 15k
: [| B 1o
g ey O g
HHE [ pesi—
{ Crr] B 720 (159 tances)

| |k sem,_take(0x200000€8, 4294967295) returned 0 . E Condvar
\ o Il EvenGoup
lieem oE

|\ [i_sem_oive(0x2000292¢) {00 k_féo_stoc_put (Ocals)
s i _sem foke(0x2000202C, 4294967295) reurnedt 0 1 K fo_cancel_wat (Dcals)
JEIE ] K fo_oet @331 cake)
312 SN 1 ot 252cale)

W Zephyr ISR

Fiter v A%
FiterforView [ Trace View

Corbred

Fier Objects

I Gtatup) (1 mnstance)
I GCO000FF3 O ances)

1] syswoka 046 stances)

1 57 RX (1728 rtances)

1 BT TX 1S ntances)
[ Serves

20 K _o_peek_head (Ocale
0] K _ffo_pesk tai 0cals)
[0 % Ho_sut Geale)

]+ fo_put st @309 cale)
1 o st sist Ocale)

Figure 4. Percepio’s graphical tool base on Zephyr trace
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Figure 5. The evolution of automotive system software
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Abstract

The quality of software test cases directly impacts the quality of the software under test. In the cur-
rent era of rapid development of large language models, prompt engineering and other key tech-
nologies are being applied to generate black-box test cases. However, a common issue is the incon-
sistent quality of generated test cases, particularly in abnormal scenarios, which often fail to fully
meet actual testing requirements. To address this, this study focuses on the research of structured
prompt design methods for cockpit display control software. By comparing the effectiveness of dif-
ferent structured prompt factor combinations in test case generation through expert scoring and
software code defect detection rates, the optimal structured prompt is derived, effectively improv-
ing the quality and efficiency of software test case generation.
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Figure 1. Research process for test case generation methods
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Figure 2. Explanation of structured prompting techniques
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Figure 3. Comparison of test case generation results
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