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Abstract

This paper introduces a multi-modal intelligent interaction system based on the integration of
face recognition and speech recognition technology. The system consists of two parts: face recog-
nition module and voice recognition module. By integrating the openMV camera, microphone ar-
ray and openMV IDE software environment, a multi-modal system is developed, which can realize
feature point extraction and detection, and combine these functions for voice enhancement, speech
recognition and face recognition. The openMV camera collects images and executes a feature point
detection algorithm on the openMV IDE software to capture the user’s facial features and realize
authentication and user information acquisition. At the same time, the microphone array will be
responsible for capturing the sound signal. The speech enhancement module uses a lightweight
speech enhancement algorithm based on time-frequency convolution network (TFCN) to suppress
background noise, keep the distortion of the target voice as low as possible, and realize the en-
hancement of the target voice. The speech recognition module realizes the conversion from voice
to text and improves the intelligent level of the system. The system can be widely used in the field
of smart home. Specifically, it can be applied to smart door locks. The system can automatically
identify the faces of family members and achieve keyless entry. In addition, the voice recogni-
tion module can recognize specific voice commands, such as “open the door” or “close the door”,
thus further increasing the convenience and security of the smart door lock. The experimental
results show that this intelligent interaction system has successfully developed a multi-modal
intelligent interaction system by integrating face recognition and speech recognition technol-
ogy. This integrated design not only reflects the efficiency and stability of the system, but also
indicates the great potential and practical value of the system in its wide application in the fu-
ture.
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TR A E R BRI T IO E2, IS R A G SR R BRI E L, 55
FE SRR AL T NS RIE B IR F B S5 5, 0] SRR T4 S am ik w DAy
=R BETUEEASIITIE TG RR R UE K T MK T IA[5]. IR, IRIE S I BORIZHT
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Figure 1. Block diagram of the overall system design
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Figure 2. Speech enhancement algorithm flow
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N T RE R SR AR M REREAT VR A, ] 7 DAL N T AT B fE AR STOLL PESQ.
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BB OB NS & A LA nT R R B R B SO B A 245 2, SEIL N S LA K CRRAG 28 it . A
FHREX B ARGV T Python (1) PyAudio . 1E & Siab PRI 4% 0 T 5, PyAudio A A& &Mk
Hil DRAEFIRR IR D Re, SR SCRT Ab B S AU At K RE 71, IR IR R D Re 58 38 5 i Al

TR B TR A R HERAE, ARG T WES 22 7 R T AT R . X RS
BHARAMURZERT T RS 0NEWE, 35S 182 EiEm el #, 1 HAE SR h e a 80t it
MR, BORAE S IIHERRIR . BEAh, PyAudio BEIREEME T E S EOREET, A LRSS PR TR
RARGERERFER. AREMFEE, AITIENAF NS, WHE 2R FER. 4, PyAudio
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Figure 3. HMI smart serial screen design interface
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Figure 4. Intelligent serial screen physical effect
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Figure 5. Connecting line diagram
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N, VINHIAN3.6V~5V, #i# 5V, USB M VIN A LAt . openMV #1L54% & 2848 ] openMV
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Figure 6. Schematic diagram of openMV vision sensor
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TENZ AL R BB, openMV & —Fh3ET Python R ARA . R bE RE LB A% B8 i, HAT
V2R, UL RE AR RGN DAL . 1%, openMV [T, 5 TEMH, wTLAR
HHEAT R AN, Ik, openMV B S HEEE . mUE A 2 B AL EEThRE, AT RAH 2 AR
IR HAk, openMV B EAT £ & I AF EERFFIREANS, BT LAk I R R e ik . 7EA
R4, openMV (1) REAT ) B A LR T — N ERARRIE RS . RIS, openMV it B A /M R SF R
&, AR N B RS B A, AR AR SEBR R A B T B A A .
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HMI B fesh DGR R A R 5 TR WIS s, AT DA (3t Se B IR A6 F i (¥ LA
TRt [, HMIEGES: 1 BRE BA 2 Rl 585 D APRGRE, W DS 8 A B8 A AR A R S
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BAEFF RV 6 8 T K openMVIDE “F &7 % #4F USART HMI Al Pycharm & A H
H1, openMVIDE *1- &5 openMV il L& SEELA G IE iR fF 2 N B SD RAAG R A, FEH 25 F
& HMI FBE R 57, Kb BT Aedi . Pycharm BPE 6 B2 N 22 5o AR N [ 18 & SCPF, SEE S HN
TFCN &5 90 B S 7 ohhE . HMI B REER DB SCUG UG & 42 7 BEiE & Uil o 2 et o
FEFP AR BTHRRE I ] 7 o
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Figure 7. Flowchart of the general design of the programme

Figure 8. Flowchart of face recognition procedure
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1) BEPFREY BL: AR R G RINURELIE, B ORILAE TUE AOBR ATV B N RERE I I8 4T . RIS, IR
A LR DR T T BB A] I E RS HE T IR

2) BAFIRE B X R GRE AT i BB RAE, PURIEHREARE . oA H T

3) WEEAFAE R F I AR B RORE R AR, IF AR B AR T T A s AT I
Xl B B A A T VPAl IR 055 5 R A A% oA R AE S B N P P R B A T T

7.2. MAGERE 5

7.2.1 MAER
1) openMV 15 5 M JiG Hict e Ao 1 — LB I NI RS, ] 9 Pl

m A1 2024/5/9 16:58
m A2 5
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Figure 9. Sample face images

9. NEEGEEAR

WS, RGUHE TR LA UG R A (LBPYRHIE, A IX SEAFAE F T 55 SR 1 K &
BT EE T FEHEGERE Y, RGUE T RURHIE 22 e RER VP A I 2 1] AR A 22 et . AE R
TR, R AL 22 57t P A A5 A PR SR B (R R ALE 5 00 P A7 e R A 2 T A — BRI 4R b T
BUNI RS 22 57 FE R R B PO VL S FE AU HE R o DRSS SR 1 s

Table 1. Face recognition test result data

= 1 ABRRBMIK SRR

JE 46 LBP $F1E VU I P BT RFAIE 22 S
[7,102, 4, 244, 1, 177, 115, 24] 0.012006552
[133, 210, 236, 239, 81, 222, 157, 169] 0.147933194
[153, 63, 33, 212, 131, 57, 217, 22] 0.146742407
[95, 93, 19, 54, 218, 199, 75, 241] 0.190116911
[138, 180, 185, 119, 56, 254, 30, 103] 0.015203617
[151, 96, 25, 93, 105, 1, 104, 32] 0.112193672
[49, 189, 221, 89, 254, 101, 236, 63] 0.026721764
[121, 83, 226, 1, 225, 80, 223, 248] 0.129160915
[77,112, 254, 138, 172, 52, 206, 191] 0.058295348
[84, 86, 64, 203, 45, 55, 92, 167] 0.076124257
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2) (EVPAEIE S RN ARSI PERS, SR VCTK Hdladk, M =AMahs: BEED . RAE AR AR
fatfR. BEEIPMMEN—DREMIER, NIRRT 7 — A AE R, (875 RE BN IRl iR
MEE R R, HAEAE 0 B 1 Z (] shoh, WHERAHIREHRIEM T RGEREM g, RAIRS
BAFAEAE 0 B 1 2 JA) XL ] I T PPASTE S PUN R SRR AE . LEEL VCTK Hdladk 1i) 12 2615 &
o, RGUE VCTK i £ RS HEI S5 R0k 2 for.

Table 2. Speech recognition test result data
= 2. IBEIRFIMINLE R &R

BEEEA7(0-1) AL (s) AHET R (0~1)
0.934383571 0.982673254 0.949104326
0.894109223 0.721796058 0.930002915
0.865096015 1.322629627 0.977962824
0.952170376 0.724573153 0.942898111
0.880853832 0.831845492 0.945628762
0.918547499 1.13618196 0.940541809
0.816881479 0.531539082 0.903656381
0.829455433 1.307162358 0.972608562
0.898420586 0.759491213 0.960806306
0.820603031 1.346085313 0.965269088
0.845003902 0.55793521 0.955581055
0.817696095 0.750305922 0.959613345

3) ZRESRH ALY : N T BAE AR 515 & RN BOR B & A0 2ok, PR T B — RS (1
A5 PN S VR0 B FH 35 U3 ) 55 2 B A il 15 i B4 2R G IS B 1)

Table 3. Multi-modal fusion validation experiment data
3. BIESHA RIS BIE

M J8Z I 7] S PR (S) AU RA(S) NI 51 F PR B 75 (5)
1 0.365 0.946 0.984
2 0.432 0.932 1.032
3 0.386 0.956 0.968
4 0.378 0.948 1.056
5 0.412 0.943 0.978

Zidxt e 3 ER AT L, SR BRI AR R 16 2R G0 L R AR T B AR TR 1) 2R G S (1] s
HHN. SR, B EE R, 2SR RGN T2 N Y B SR Al (R R R RS2
58 P, X —2EFAE P ARIG A R etk B2 T A T 2 A2 (R TR A
7.2.2. ARGER S

SRR, ZE REAC B ARG N RIE SR B R R T B NIRRT,
RGN FIRHEERE, KT 0.1, XREBFELE T H&EE TR, FN, 755
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b

FIRBITT T, RGBS LT 457 ik 0.87, IX—m/ACF PR R 1 H R 45 R e R R EEE . eAt,
BZRGHER R E LRI G, BEAEL) 1 MR AR E R, I T SRR . SOV
M2, RGN T &GS P R ERI R miE 95%, Fo/riE i 7 H G B R AR AR . &%
BSEE I IEN W, hEi R FIZ ARG NARE. ZEirE, SRRSO RGIERAE AR R, &
BLH T SRR SE I A E -

8. &N iA

AR E RO ARG R —IsF NN SEF RASOR, BAEALBEMGE R P R 2 8 50 T I RR
BT PR, A SO 21 T — A IR RS N R AE H R BR M B R C B ARG, AR
BRI T AP R 2%, 85 Y oA Hu i da HY 2 T I A AR 2% (TFCN) (K i S sm 0k,
HIE SRR, Z ARG DKL REAL . SEEEALAIANIZ B . R & openMV % L AE openMV
IDE Hff-F & BIgAT NRARAAE, SCBURHER IR TRE. TR, 0+ 1022 5 AUREER B 5 4 312 T 7
BEEE, 2if TRCN 15 S e B, RERTE TiEEE 5 IEW AT &, S i
F R R R AR G BAANERE . 9B S U BRIR At T SRR R AR . X — A B R
43 N SRR A 2 T R 5 A FL N s 8. R B AR IR N R 3 B8 A8 B R G e S b B F 4t 17
SO AT SE AL (0785 A ELAR S .

BeAh, RGUEERK T HMI R BEH 5E, BENS SE BoR Ui ih & k4 AT i N . X — i fg A4
RGMBACEINEN . 85, F BN fE R (0] A Beha BRI U5k . AR, 2R GEIFE, widd 2
EIRAL A, R R, Y PR @ REAC AR G R TR I AE A

FERRER RAOUR, ZRGHA) Z B ATR . Bk, /BN T, REHe A5
FBER AL, SEHUCPRHE N R EGEAR S . [, I H IR, R GERENE IR0 45 E 115 & iy
Ay W IR BCCSRITT, NIMEE PG5 TR BT T L A MEAE R . SEIR A REOR, MARGHE
IR AN T B R 50 75 T A B A e R P, R T R0 1RSI P P 2 P 5

JEERK, RFARSERARZE L HARAGAEA RS NN, FE0E I 2 et (115 5 1 97 1% DA
It RGERE . BEEBORNABIEED, 5 A0 AR GURAE B 2 USRI H BRI N AT 71, WA
AT RSN BE . B RE AT .
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