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ABSTRACT

Intelligent physical sand tables are now widely used in many fields, which can display
sound and picture information to viewers from multiple aspects, making them have a good
viewing experience. However, today's smart physical sand table still has some
shortcomings, such as less of control method, which is basically controlled by buttons or
touch screens, and there is still room for further optimization. In order to solve this
problem, this article adds a control method to the intelligent physical sand table, and uses
the keyword spotting method to control the sand table demonstration.

This system is supposed to work in the field of military explanations. It cannot be
connected to the external network, and needs to recognize keywords locally, requiring
good real-time performance. In the context of controlling lighting equipment, it is
necessary for the lighting equipment to respond at the same time when the guide
introduces an action.

In the existing research, there are a few intelligent physical sand table that have added
keyword spotting modules to control the intelligent physical sand table. However, the
keyword spotting modules in these systems still rely on external speech recognition
platforms and cannot be recognized locally. In addition, in the keyword spotting module
currently working locally, pre-recorded audio files are mostly used for recognition, and
only the recognition accuracy is pursued without considering the recognition speed. The
algorithm is complex and cannot be used for real-time voice received from the outside,
which cannot meet existing requirements.

In order to deal with this problem, this paper designs a real-time keyword recognition
intelligent entity sand table lighting control system. This system uses the local machine
learning model to obtain the key words spoken by the guide during the explanation
process, convert them into command signals and send them to the sand table. The lighting
equipment in the sand table makes corresponding light actions according to this command
signal, satisfying the confidentiality requirements, real-time sand table lighting control is
realized.

The main contributions of this paper are as follows:

(1) Aiming at the current lack of intelligent physical sand table control methods, this
paper designs and implements a real-time keyword spotting intelligent physical sand table

lighting control prototype system. By obtaining the keyword information issued by the
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guide in the continuous sentence, the correct real-time control of the sand table lighting
system is realized. The system includes the actual use part and the machine learning
model training part.

(2) This paper designed a system that uses real-time keyword spotting to control
lighting equipment. In the actual use part, the real-time signal sent by the instructor can
be obtained and voice segmented, and then the machine learning model can be used to
recognize it in real time locally, and the lighting equipment can be controlled to make
corresponding actions.

(3) This paper trained a machine learning model for real-time keyword spotting. The
machine learning model training part uses the keyword audio generated by the speech
synthesis platform as the training input, which has greater flexibility and is convenient
for subsequent training. In the machine learning model training, a variety of models were
selected and compared, and the recognition speed and accuracy were balanced, and the
model most suitable for the scene was selected.

KEYWORDS: Intelligent physical sand table; Real-time keyword spotting; Machine

learning; Lighting control
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FRIBIEFE o S AN )35 B TR A R B FH AR FEAR D (AL R 34T R A« AN
AN ACRIE B IR E AR AL T-EOR BRG], R AE0 FE N R AT IR ], X 6)F
A K n] e LAAM ) B 58 A A TR R S

T OB A T B R A6 T 1973 4F BridleP R SRR 1 LAE. A
X Bridle E¥A R “ ORI XS . £ 1977 4, Christiansen 5
Rushforth?2 P A4 tH 1 “SCHan] 73X MBS, A5 FH 2 P Tt ¢ i ot 2 248 35
W OB IR BEAT B, BXAR T —SE R R R o X e N ) TARAR S35 S i) 1R
ANEMAE & I AL 7R, BN T — AN e i, £ Bt )R
£, Myers!?15E K DTW (B T-Zhas i [ AR B2 R 7E 1% B IR 1R i 2
b, AT DUSE ndER A W e BRI AL E . DTW tFRIE S E a8 b v 5r=4
IR ) &, 2 Ja it vH R NG 5 5 BRI ABTAR R e i [ 2 TR Rl i o ) 22
EAF H AT 7, AR ARG 23 7T DAFE (st ] o B 7 tH O8] o ANid DTW THE
I FF Z kR BT E R HCEA ROR R TR RME B, 3B 8T 115 2 R0
AREAR.

N TS T EE A Rt 75 s AT S8 1)), Higgins M1 Wohlford $2H 7 4bE
LAY 24 e FRABEAS e H2 ) TR0 0 3 R DO BRI AT TS, % R B 45 B
KH 5 Ah—Fp 07 AT R . 2 5, Wilpon® 145 A HMM(Hidden Markov Model,
Bty R B 5IE] T R, BT 7B I RUER . R SG8 1A TR 1Y
AR TR HES . A EERCR L, — ML TS AR B T
HMM . 7£ 2009 4F, Hinton £ 15 & 75 % i 4% 1 /8 ] 7 DNN(Deep Neural Networks,
IREEMZ ML) SRAE HMMPY, (15 TR RCR, IEH 7N BT E4R
QAR ) P A 25 0 248 b PR OC B TR] R0 ) @ . 2015 4, R. Prabhavalkar 6 AEAFE T
SRR A3 2 T AEH T DNN HEARXS Ses i g4 T 7R, mr LG RSP
B S, AROKRREE B4 7 oo RO I HETR 2R . 52 TR Tk
ANE], DNN AFER HMM —FEXHE & BT S MR AT Bk, ZExs AH 2T
B IE R N TIE SRR IR 5 B, 1T TR 2 R0

Ay TR EEE N RS, FEFBEH LI EER, BiEE
F, RNN (Recurrent Neural Network, 18 A1 28 25 ) w] DA FERIE L 1) X fE
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B, BAHEHFRERD . RNN i DR 77 00 RS S 0O g2, M 2%iE
BTN AEAE P, RNN B REFAEE M ERGE /), nLh— @R LHI5S
MEFS ) FH0, AU T B O —MaAEH A RN S I BT (HREE 24 =5
P3G I, RNN 255 LR R, iR EmmEEUAHE EXUER, &
BORBIHER R RN N T RIXAMENL, LSTM (Long Short-Term Memory, 4
WCIZMZ%) BT R 7 HiR. LSTM 19 RNN Hy—Ff, G0 mHiA T, fio]
MBI [T, AT DASE A AR Q07T i AL IEIRAS , BERE AT A5t AR o efs FE2 3 % 1) )
i, DGR A ESCfE S . BkAh,  Bi-LSTM (Bi-directional Long Short-Term
Memory, X AKATIHILIZ) i — D Eag 17X Mg i), &n] DUSE A 2o ) A i 8]
ERSUER, TSI TE 25 v 2 B A I RE BT, S 1S R )
A ERN.

5 RIS, S5 4h— i B R T A AR R AR 2 1 Rl ) i 2 g 7 7
VBB VRN ) i 3] 3y 7 VA 0 SELRE R 2 R i N R i T 2 TR PRI o 5 %8 7, AN
T B R H)_F TR, BT SO R 458 B9 5% B K R X — 1] /RO i 2
IR FE R — IR CTC 7%, 73— Sequence-to-Sequence 7715«
CTC J5i%H Graves 58 A& HBY, —FhEEa R R, A F B HdE
7, MH—NRAF IS — AN 78T LL)IZR . Sequence-to-Sequence HH
Google N A T1EE M. HTHMEREF R TG, Sequence-to-Sequence 54
AT DARE TV 2 AR 815 5, 00/ 6 H R s g5 gk AT R e ok @i fE A
Sequence-to-Sequence HIA REEH, 73 B HIBIE GRS 4 5 46 9 B A v 21w R 4
2017 4E, Yanzhang He % A% Sequence-to-Sequence 174 5 RNN-T #iAIAH 45 &
321, SER T — AN (R ) 75 SR S A A, AT DK R B R AE N A BT
HEAT TR, AT S 12 A A e o Ao A i OB TR BRI 4L, T SRR AT AT RV AR 3]

7E E P, RS g R R ] T 78 B AR AP A, AN A N RN LSS T
WAEIZ A 1B E BRAT AT o 7 B P S8R R 0 B0 58 Fh R BUAS T BRSO S 1Y)
A ARYEENRE THFEIRTTERY, FRSel 1 T8 B A i o SO PR AR
frill 248 “Hark Man”. ZAKHESE AR OCHRN IR RS S5 1HENLM b 45 &k,
HIE 7L B OB R ) JR G ) X 2 ] AR B, SIEI T T DU A A SO S ] N
SR YN BT ) T3 o KRBT 97T - 22 22 R A5 N Al 4R 5 7R B X AL AT 15 5 4%
H13), F=E 7 IR ER A HURRE F OCBE U IR AT, PR T N O BRI B
AR FH )™ o 33X 6 ] AR 0 o) 6 R 6 D B ] R ) SRR ) 2 FDIRAS A 1 — 5 B b
7, — R Rk 7 IRE S EPRATT 2R, Dy LG I SR R R ) e R R AT
N GV 7B R o ANk B N OG- oo IR R ) R 4t H ATAR IR B AR SEge = I B 2 v,
TE 52 o I FH 4380 A 3 A 50K R R e 2 ]
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23 HlEFES

23.1 HlEFEIJER

B 312 — PR F B Bt A4 A0 AR R 1 R5 IEEAT 00 R 5 92« #%
O SR — B SE ) GO — AN AL, I8 I T SRR A K ) At
ARAR - BLas 22— B AT B 4 T IO RFIESRICHOR, (TR U 7 2R
JR AT o X SRR AL BEAT AU & I8, A2 BT AR SRR I SR ik ) — K
ERR . LR IR RE R BRI, i AT LAAE ] 2 IR 1 B A 2R e 3K A 1Y
HAHE BTN, TR RAX A S B [7] 7L

P2 IR AT DLy DA B o ST AT B 2 3 RS I R A 0 2
TR B S S A N LR E IR A B 5 ) P A 80 5 20
EARRE, MAETCHE 7 o] PR A B A SRR . PR IIARZE, B2 LN &R
FOE XA B HAT I 7328, FIRNS S (¥ S8 B inl BRUREAT 70 9. (B T B 52 2
r, R IRARSE NS B AT 0 2K o AT M B 2 S oy, R 22 B A B )y
VKRB 70 il 25, B N B0 PR EHEAT & 0 o HLAS 5% 2 7 R Hh AR 485 i [a]
WG AT LAy 9 CAR 7 25 Bl UScER - Bl A B L R GEEL . BRI SR AL DAL
SHOREE . SEERTI . KRR — e TR ECE 2 L B o v B A A
B A B AL R HE AT TUAC B, W E FRAROM RS IE, IRl 73 el ZR s Al
. —MIEF5 B AL B BT R KRR L ESEmap BRI ZRA ROR » B e 3%
I 7 AR SE P I e B — AN IE S R, RES ) PN A B A AR R AL i B Do 7
TR ). BRI ZRER 70 AT L AL AL e i, AR EANNS 5. B
R B B AR XS TN 25 R BEAT VA, VPO FaAn £ EATRE IR AR, FfE
o ZJRHBSHOT U R B, RTINS E V)& SEhr. fea i al By
REHLAR 22 SRR N FH A S B B 000

HLES 5 2T B RBCRANOURR T3 N OB, e B & 22 SRR A2 133 A ix
HE B mE LA 2 I I N AR . BRI, i —NE S TR A [ R A Y
HUAR BB A7 B S SRR AT gy D oy SRR B I KSR o 73 SN ) B AR
HAr KA A BRIT EARRE, N — @M. A 2 e84, Hirk
Ry AN B 2 T A 45 KA, N — AN E R SRBEA IR B8 — 2K 1]
A, H T BONLAS 2 ST G R [ AR | AR DL R S L. T XX
S g IR 7 AT A 4
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B A 9158 (Logistic Regression) A— M & It AR, %0 AR N R 2L
PR A Logistic 7347, RGNS HATAl 11 Logistic 434 A— P gL RIMEAR 7
A, oA B BV B e A

1

FX)=PX <x)=—p (2-3)
~(-p)/
fOO) =F(X <x)=—"—r (2-4)
y(i+e ¥ )2

SR 0 b TR R P(Y = 1) S A Bl B R, AR
{5 P 4 R RHEAT 40 950 wx + DT RS A T AL RO L, T LU Py 192
BES A T AR A AL BT IS, P TS0
wlix+b= ln% (2-5)
P(Y =110) = — s (2-6)
N T IRIER IS How, FE SRR R BB T3 T 348
Bl —HBH, EXABHT, SORMBIAIER K. DR EL W) T LFRN:
Lw) = [TpGe)]” [1 = pe)] 2-7)
FA 5 B 5 (w) PT o F S5
Jw) = —InL(w) = =~ (B, ilnp(e) + (1 = y) In(1 = p(x;))))  (2-8)
O B2 bR B B —AVBAIE S B0 T, 4 2 M3/ 7 R B e 184
IR BRSO R o RO T e SO IS, B R B 5 R T T
FIRFI AR 7 SZBR ., 8% (0 IE TSRO s A, 7R B KU T
IIA—TRERALERFo DI T IEMACEE T2 05, BRI LI T2 51 e/ i AU,
SR 125 =1 S BRI SR FT LA L4 A IR . 9522 B K (w)
FRA:
JW) = =~ (B (ilnp () + (1= y) In(1 = pG)))) +Allwll,  (2-9)
P A TG ZA R 02 o EAT SRAR 36 P 77 A B ATLBE B R e BEATLES
JUE I e PR 58 2 B K005 B ) — B D SR B4 7 0, AR COR S 5 2
S S M AT, S ST

9]
9i = ﬁ = (p(x:) = yi)x; (2-10)
wiktt = wf + g; (2-11)

BREHZHwE, B = JwWOIl, RN THE B, W Rk,
WhZEw.
U [l B R (ridge regression) tH A& — Fp Ze M [ T AR Y, 5538 5 [m] ) A 2R A o 1)
X BILESR R R AN A o 0 (B VAR PR3 2 IR B D T
Jw) = X1 (vi — wx)? + Allwll; (2-12)
U [ =SS 2 3 I 0 2R A8 B T I T A IR L, (AR I SRR AT
bR, FFH MR,

11
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RFERRE Ry — P A Y, A0 5 — MR Y R 55 T R ORI A
KB T AT . RSN RRDIRE S WA R A BEIrERE
A N RREE R AW R GRS R TR R o N
AP RHEREE. PR ARG BTRL . RRIERTIE IR E 1 PR S R FH IR LE R
TEAE 3 N AR SR AE N BT s dE AT 2T o EDR SRR A P IR, B — AR AR T
MR, AW ST IEN AR, IR ERE BT AT AL B
B A= AT R B RS TIUE I ER Oy 1B BIRL B Ry T AR IS S
0 RIS , 3R I = A 2 o B R T () AT R T ORI . AE TR, AR
AN R, G WS KR, R N E B i, oA 2R 4
R LB RHE AT 2 0 7 AN [F] A] DO e s &) 73 AR 3 M ID3. C4.5
A CART. ASCAHKEU CART Hiks

BE AL AR ARSI Sy — ot T R SR AR ASE 2R P 5t 28, A O o T s TR
LA R R . BEALARAR Y 32 22 AR R MG R 2 R W AT I8 55, e
HINBERG, B SEM AT UH . B a o R R R 45 R 2 0 — 2R 4 E i
AR AR

AR B [ ATLAR RS RY OR BEATL AR ARASE R 1) — SR Tl o AN s O AR R AR R SRR 1B AT
WNGRIPI, BEATLAR AT ALK X Y ZR 8 IR BEATLRAEAE I 2R DL S BN TR
i [ ATL AR A2 23 328 I SR B B ARAE Dy R R SRERRE ER N o AT B i BB AL £ 2 FH T
Bz, metsiE TR R 22 BRI EdE B SN %

SCFFRIENL(SVMYA—Fh 40 A, %0 AR R SEBR In) /A S — A
TRFRIA R, X HOR AL . SVM WIEA R S — A AR R ) H kR TR
K534, HI B Vapnik A1 Lerner 7£ 1963 G4 HIPO, FEAKR ALy —/ 2%
PEI RAERL, FER AN BIA% eR 2 J5 7T DLEAT RSt 73 2

T gk R T = {(x, 1), (x2,52), 0, (X, yw)} » HH x; €RYy; €
{—1,+1},i = 1,2, ..., Nx N IMFERI R &2, vy bRid, SEE T+ i
RIEHL; -1 BEASE. XT— 8w x+ b =0, FEARS(g,y)BHRL
(EEEEWSF

vi= il Xt (2-13)
ZFEAR SIS H fL Ry = lzrlnan yio Bl SVM AR AL a] @ a] A
RKIRN:

w

maxy st yi(m-xi+””7”) >y,i=12..,N (2-14)

H ERE AR BR By, JEow = s =y”ﬁv TR G L VSE
yw-x;+b)=1,i=12,..,N (2-15)

Beh, B KAy S T F b

12
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%?amw s.t. yw-x;4+b)>1,i=12,..,N (2-16)
R TR BT R, TEMGERE R, R
L(W, b, a) = % ”W”2 - 2?:1 ai(yi(w "X + b) - 1) (2-17)

N TRz W H BT KA, 2 L(w, b, )XtwHbH) TN 0, 35T

min L(w,b,a) = — %2?21 Y aayiyi(xox) + X e (2-18)
R LRGBS R B R E T AT 4, SCREMENLGIN T KR %, mred
W I A T

min WP +C ) 6
s.t. y;(w-x;+ bl)=12 1-¢ (2-19)

§>0i=12.,N
HrENmAR &, & = max (0,1 — y;(w- x; + b)) ATIREE, € > 0ONFETT REL
CitER, XTor Rt iSO . s X X AN FEdE AT SR A, 5 mT DAAS 2150 2R i
FHw® - x; + b* = 00 SRR EES (x) = sign(w* - x; + b*) . ZJE I EIHH)
WG, TFREEJSRRENE, ARERT R )G, #nT PUSEE H 42K,

232 HERFSIEXREEAIR A AN A

EARMLR], T HMM W IES R OE R TR K, Ay
T A FE AR ], AR T SR AN G I RUA AR MEAL R o St A AR A A TR
b PA R SEBRAT SEARES: B A AN/ ) @7, Sy T AR PRIX EE ) #T, DL Benayed SR
) — 222 TR R AL A8 7 ) 51 N B St 1] iR ) 2 rh B8IROL, i LU B AR R S
RS, UEWISE FH SRR ) EATLVE ML Es 2 S A5 8 R R AT S B R R ) =2 AT AT 1Y
ANt 7E X B Benayed %525 #3806 SR AT I B 58 35 SCAREA TR, AN RES S
I TE S AT R . RN, BROKE SRR TR M ENYS HMM M6
B0l FHIIN 7RG ZE, AR m 7 OCE R RS

SN T X L T A1 4 25 >0 1R S B 1] R 1) 2R 00 S 0 B R 3 50 S ol e 1) 35 S A
BEAT R, ASRERT LI BB SR IR, RAEE A T 905 = s, A&
A AR SEBRAE TG TAEH

233 N feRRiEEE

X SRS, (645 EATHIH % (Precision) Rl 4 15 % (Recall i
AVEI AR KBTI RE AR IRIR £ 5 R e T SUBIETRE R % 2
S TEREAR A T S04 5 AT R 3 TE K00 L . 73 B 53 10 A2 TE A

13
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ARPERA Y IE SR ECE 5 BT R IR AOAEAS (0 EE A1) o G B 5 A0 1 [ 5 AN ] £
i E S AR AR, ANIEAE SEBR VPG BT AR, RSB [B] R AR 1 DL
WHE AR — DRV FEINEE = FEC A Mabr K. AR ELE%
JEX PN AR, WTLMEIZR & PR ARIRF,, Fy [N 2558 1 DL LAY Fads, AT
DA RO FR L& 5 ST R IR B ROCR . A F B i, B R GUH R E A

X SERHE SRR R, I — AN E RS, BUR IR . S SeHE A IR
) SRAEPEE AL RN AT OB IR, SRR S, — B
HE TR LR, B HIBORRIEE, EAEHES B AL. K,
TR B 18 e RO R ) ROR BL SO R 58 TR, R R 2 2 — 2 T
BR, 7T DLIE S AL PR N B TE 5 S0 RT BA, U0 e bR 2 S BOM BRI TR 3 5 1R
Tl HERA S5

24 DMX512i8%

241 H£0OEE

B TLEAE A — PP R T2 1 ARG A SO AS B AR SR I8 A5 7 3. 758
B, BEARH CHBAE XA L4 E B e = A s B i 7 R g1, (2
B IEGEATFREAFD, EhlfgR, 5 T88, SR, fraEhREmns
BB R BRI AR IO o IR A R S AL 5 e A
Ho B AL R IETT AL R A o 45 1R B R BRIRERAL 45 . A R 56 A7 F
SRR i RS BORERE o AR PR A S VAT BB T, A AUEORAIEAX PR A B ] 22 [#)
MZH5E R T USRS, IXAE A fE IE & (S .

R TLEAE P EA PR RS-232, AHHIEAS AN 8 4% 2 8] 75 2R A [
P EA BEEAE, A TIRIEAR W& 2 H@ERE . AdrE DMXS12 Pl & 0
TAE A B BN RS-485, AHEET RS-232 40 T B IhfE .

2.42 DMX512 #Y

DMXS512 h 2 —Fr i e i, EE ST eth it il T
— AT R R S AT e B A Z RLEAE PR . 7ESERRRI S, —/> DMX
B 2 aT DS 512 AMliE, —/MIed & R E R+ LMEEsEs, XEmE
—/> DMX &£ 1] LARIH 68+ S AT R %4, i ifi ff DMX &4 5 A FRT
HR & AR E . HERIHLEE RN T DMX512 WG B EE K. DMX512
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PO AE 18 T BE il AT A5 5, — A DMX512 Bii i 2 al 4 512 MR
DMX512 #0405 £t 0 2 A1 2 FAL B INAE 5 (MTBP). — MK R 22 £ T
VELEAR B P AR 45 5 (BREAK) 2 17 HL P55 (MAB). 8 Al B Ptk
T(SC) ATFA 11 A Edmi, AL RN EA 4 pso HA B dEmia S 1 Ak
G 8 ALEEHIE S 2 A P AR S AL . DMXS12 U8 H AT 184S 7
AW EHFES, AT xR, R f G52 rT LA & A
KT Z S B AR, SXAEAE > 1 KT 6] & FIAT i 2% 1A R 4 Bk 4 B
[F) I BT DMX512 W 42 th DL RTE AT A, A58 A 1 iX AN s i) %
AT ST et 6 2 MRt A ER:, &M T e & WA,

DMX512 Wil i (o an & 2-2 fro:

MTBP MAB

p—
2=
e
P,
T
F=iT

] 2-2 DMX512 PS8t e i =4
Figure 2-2 DMX512 protocol data packet format

BRIGNP—T DMX512 # 4. DMX512 ¥ M TiEEHHENL BN 51T O6%
2, AETFEALENLATLLETE DMX512 A& RAT LR & K& S, A, (%
F WA LA H DMX512 W& R EALENEIE H CRRSEE . DMX512 %%
RHH RS-485 #11, FBTAE, W URIES SAETFENL NS AT 615 % 2 T8 XL
[FfERE . (EFAT DMXS512 I R ESERT R B iy . R, S
AR PO R (1] 5 P 25

2.5 REIN

KREE ARG T ERHRBEARFE . MEHESRHLEE %S
MFCC R LR B T35 0EAT 1 S48 o X 25 TR R o2 DL R SR IR AR R A
JEARL T A AR LES 2 SRR | B 51 AL BRI R mh R SR 20 A S L VT
NARFRIEAT T A28 X E FHE(E R ELE DMXS12 YhsGAT T4, a8 TAE
HIBEAT i 1 B BRI 5 SR .
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AE RS R AR Tl 2 18 ST ARG AR B AN S

3 RS ASEI

AT A BE SEAR VD fE RGN S E S SEBUVE BT Tl EE R T
ARG R A . RUR T HUE R eI B A R 2 Ak, 4 TR BE SRV B AR
G5 1) AR 2 G DL S R G B TN PR . FoRA 4 T RGN SLITT . R
BUR T X RGN T RE I BEAT SO R SR, [N RGBSR AT T /4
ZJa Xt RGERIVY AR B BEAT T PRI, S8 T IR AR SR B S T DY
RGSEINIRE. BURH T RGN AL .

3.1 HREEMNLERS

3.1.1 RZHIREE

R SLARVD L H AT T S U UL K v 2 RIS T 2 I AR 5
TR¥E T, F54% ] DUE B BE SER Vb BRI 2 %, IrBOLIR g, tn] LU
FEGRUR, HIMEOREE, Tik4R-M. 78 R T Uk b 8 RE A4V i foe i T T Ao
. EEITRT DI RS 2R, AT LA B AR AT, seBl %
P AN B RE®,

ASSCHTIE TR R SR YD B AR 08 TARAE 2 SR U, PR st AT Ui 5
&, WA S92 R . H AT, UHE RE RSN F D AT IR, &
LSk = OE W NIADNPSROE 1)1 Sci e et BTN E 9 GE B AY X iR U=t o
RO T 2y BEAT R AEIX RIS DL, PR 515 ez il & R N 3k AT
i, +o AR, TCFRIEER I SR AT AR . SRSl T U SR
AR & TR AR SO N A EL ML, AEREAT VD S RUL S R I 2 Y PRl AN
I 11 3 S5 A B R

EEXTLLERER, AR BESLARVD AL RGUET XS DAL AT 10, WO R RESE
PRYD RS INTEF AR T RE, PR 3 TT DA B 5 R R B S VD B KT D i
FEATES, e RARRRCR, HRRAE e R EACE b S 2] & 4 1l 1
JBCBE A% RN 03 58 SRR L P A ATE 55 DT SR 1t S DA TS PR AU I T TP L
DR

F I PN T 9 8 8 SR U 5 TS T8 B VR A B B O it 1] TR A AR B T
TEE R VA A NBHAT THETE, 1 EVF R NBED, RAH B B30E
TAF. FEIAE 2017 5, FRKMILRE B 2615 H IR I HU R A B § STM32 18 RE S
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AE RS R AR Tl 2 18 ST ARG AR B AN S

PRUDEE R, RSB R BB SCAAE BAREBIAR ST A5 1. [FIREAE 2017 48, B2
J A5 N A FH 2 4] TR ) 7 15 SE BN A RE SR VD i R G AR 5 B PR ) 19
B 1 WF SR, F AT SRR e SR YDA O T AR AR S PR LR H AR A58 21
HHEOR, RET A RO R BESEAR VDAL RIS T o 0 o R U A
RESEARVD AL, R B F AR, sevs il S R A . 2 M HOLE L
FROTE S FchE, UL HRE S8 M ORBRER], B RESCAA YD it mT LA A O M P2 B T Sk
RAEATAHRLAIIRAE, S 7 RARRIR KT . WX LR TR T BLE 2, H AT T
B RESSARVD RE AT B ) AT IR MR A ADESEE R, —RiXT
REEFBEAT IR 5 R BIAR e LR vb B P DL IR RE AT B EA TR, R
i LA DB LRI R 2 BURT LA 2 FLTh E . BEXTRMT K, A RGE e R R
(R pRr

ERFEFHDIA)— Kb Rl R, XA S8 EFD AR 5INTT
WA, WARERAINERME . £ LR =N RS R G H, 155 U AR B
H R R AR AR T W 2% T E R 6, IR BT S ALIEAT . [
IS AE H R N 7E SE R 28 Gt H I S BaR] IR A, K 22 0 R FH I 2%E )i 2 iR
TG, CEMEIAMRA, ARER AR RESC IR RN AT R Mo T4 L
VEAEA L) R R R R, AR N SEPR R G 18 . BeAh, HRTIAD
IR R A BRI A Y A A2 2 TP I8 BRI A, /5 2250 JT IR 3
FAFNSHS, AE RS E ARG TR MR RS, HELLEH 93 77 A
PERSCFF B ARIIBOR . [FII, A RESAAR VD 15 T 32 5% D9 SE IR A S B 1] 1R
BARALGE BB AR R, X T oA (PR A IR K ER . [R5
B R DL TARAEA . U/« R0 5 PR LRk AT S B 3] PR PR A

ATUVE R, H AT R BESEAR YD B TCH AR R A SR TR AT FE
H AT 55 TR R RE SEARVD B DI RE, AR SCIR Y 17— A SEIN S B A) 1R ) 8 e S A7
AR R R RS, W ASEEL RSO SR I T ae -

N

O

N

ymy

3.1.2 HRELRMADERNEM

AR RG A A — MERIMGCREL T, PO Bk £ Jebtiins
R T EE T — R OO EBEIR A R St Thae 2R HFGHLE O S & H
BIOCHE, FEROUE SHACNE S SEE S T ENL TN THENLEVE R R A
B E R FIARARME ., B Y DMXS12 W& FHEN H AT — R 51 5L
i, IR R RS SEEEREH . TUE BRI RS . DMXS512 W& Tt
W%, MRS X I, NBEOLEM RIS R AR R, AT SIS A O
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AE RS R AR Tl 2 18 ST ARG AR B AN S

P ) B SEAR VD RAT R A I D el

AR % R R AR RN 45 ST O v 8 AT R R ) Th g
N T IR —DiRe, ARSIV EARE LI IR A: Wl HENLEL.
DMX512 % LR AT ek % . Horh DMX512 %45 19365 5 FQSD512-PR (512 i@
), %% R USB BENLLA K. RS232/485  DMX512 it Thit. DMX512 %
H 5 IFEHLENZ B8R USB #HTIEME, 51761 2 R A RS485 HhistidiAT
WE. TR ERA—HITHE, BF 7 B 10W 45805 — K% LED,
RERE SLIL 0~100% 1%, ACPRBNIMA AN 540° , ELENMER 180° , WHIE
BN 8/13 J@iE, i DMXS512 PhiGHAT# M AT & Rl B 5 an e 3-1

FoR:
1. &*M

8 A 5 AC90-260V SOG0HZ T DMX K HEHE
344 100W 6 240-255 7 %
THAAE: T W 10w RGBW 4 & | 735 % LED 7 0-255 e mt
£13 % % 50,000 hours 8 0-255 /oWt
A0 0-100% 108 # 9 0-255 SoEt
(7 1-20 Hz 10 0-255 gedt
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Table 3-1 Recognition time of different models

400 1200 2400
AR [A] 1 8.61 24.73 47.00
0 [ 4 8.70 23.96 46.06
TR 7.79 23.86 55.75
BEALARAR 9.30 29.62 59.71
A% S B ATL AR 9.23 30.03 66.56
SCRF A &AL 27.03 73.19 158.76
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Table 3-2 Accuracy of different models

400 1200 2400

AR [A] 1 0.99 0.93 0.99
0 [ 4 0.98 0.93 0.99
TR 0.98 0.91 0.92
BEALARAR 0.97 0.88 0.91
A% S B ATL AR 0.96 0.92 0.91
SCRF A &AL 0.98 0.90 0.95
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Table 3-3 MSE of different models

400 1200 2400
4 5] 0.01 0.19 0.03
0 [ 4 0.02 0.18 0.03
TR 0.02 0.28 0.33
BEALARK 0.03 0.46 0.44
A% B [ ATLARS 0.02 0.27 0.23
SCREAEAL 0.02 0.26 0.15
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Table 3-4 Machine model training algorithm

BE 1 A=RRERN)IZ

M B

Mt HERFIEE

1.for i from 0 to 400 do
2. MBI NEIRXXHPRINESESsig;

3. BsigihhTHENTRET

4. FEsigHRAMEM O TR, #FTEREKE
5. Xtsig TR

6. Msig;HZEUmfcc;

7

end for
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Table 3-4 Machine model training algorithm(extend)
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Figure 3-8 Flow chart of real-time keyword spotting module
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PURIEER,  FFMRPEAE AR R0 oG], AR R HR 215 5 . AHR R A
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3 3-5 f15& 3-6 frs:
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Table 3-5 Real-time voice signal acquisition algorithm

BE2 IFEEESRE

HWAN: ZFHEEES

it FCH

1 REFWEFHESESHAAESR

2. chunk«320

3. for i from 0 to 10000

4. data; < chunk KEHIEZR

5. frameli] « datq;

6. file[]; « frame[1], frame[2], -, frame[100]
7. frame[] « frame[2:]

8.end for

%% 3-6 R IHE
Table 3-6 Keyword spotting algorithm

BOE 3 KBl

BN BIXH
Wit KIS
1.for i from 0 to 10000
now_time«— ZREIATE]
if now_time — occupy_time<3 then

occupy « 1

end if
if occupy=1 then
MR file[];
Mfile[]; PIREUEZE S sig;
10.  Hsigi P PMTEHENTEEST
1. fEsigHRAMEM 0 TR, HARIAEKE

2
3
4
5. occupy « 0
6
7
8
9
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* 3-6 KHEAAEE (2
Table 3-6 Keyword spotting algorithm(extend)

12, Xfsig#ETILIEHRBMmS cc;

13.  ERHEGEF IJRBEXIImf cc FEITHM
14. ans[]; « RAHFR

15.  a]; « ELES5 MNans[]; 3Rz F
16.  if maxa[]>BI{E then

17. order « XIRIAYKHEIR

18. occupy « 1

19. occupy_time « ZHHFIET(E]

20. 1% order fRIBLHATIIR%Z

21, MBRfile[];

22. end if
23. end if
24. end for
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WA KERAT W& R 2 BB LED CROERED 1ENIT R ARSR
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B AT AR KT S R S8 AR 32 S0 H i3 AT A AT GBI S AE X 4l Y 4
BATRE SN, SURITDBEERMR. K/, Bite, TR R TP, XA
Visual Studio 2019 *¥- & FATH C++1EF X H BT ML LR \ik
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Figure 3-9 Flow chart of lighting equipment control module
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R 3-7 KA ST

Table 3-7 Keywords corresponding to light actions

Sefgin] 1 EhME
- T {5 5 Bl 1 S

ST LGRS E, i e R E 4 I PRI B RS
I TE RN 5 41 B R G B, 72 700 o L DA
i Tt B A T sk, 11T B B S )
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] CH+HE SR RX AT R AT i Ae, DnARAS sk 3-8 Fors:

* 3-8 fIesEhffEict
Table 3-8 Lighting action design

BOK 3 ATHeaERvIZ T

Mt KTEEERTITSCH

1 ENEORS

2. $TFAT AR &

3. for t from 0 to 100

4. bL b, .., bEAKTHIBIESH
5. bufi[] < b}, b5, ..., b}

6. Bbuf[|SFANATHEEF

7. IRER, FREFPATEEMMESER
8.end for

9. XAl

3.62 HOBEE

IR E R T ENLENL, DMX512 %4, HeR & mifE. it
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Figure 3-10 Photo of lighting effect
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Figure 4-2 Lighting equipment
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FE e R ] DAEREAR D N IEFEAR S IFEAR, SR —FIFEA . 45 3
%193 N 1E 2 (Positive) 5 125 (Negative) . 1ERFEHRA A IERIFEAR, 7RI A
WA IERIFEA o 0] AR IR A H R 738 3 (True) S5 1 (False) . BRI IE#f, {1
T VR B A5 o X DY A T PR R AL A T DL AR DO R S R AE L, a0 ) L A
TP,FP,TN,FN. TP /R IEFAEAB A IESE, (RA E#. FP FKoR AAEARYR A
1R, TR TN BRI 7S, HIIER . FN R8 IEFEARE IR
R, RS R . X VUL bR LR AR DR PP FR R B0 TSR . IR DU s
Bt 0 v AR Ry 2%2 (PVRIEFERE, 403k 4-1 Fok:

* 4-1 RIEHIE

Table 4-1 Confusion matrix

HSLE
p N
Ti{E P’ TP (EFH | FP (fiFH
D) D)
N’ FN (f2FH | TN (EBH
D) D)
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X FHLA8 5 21 RGN $8 45 1] LR 25 ) 48 215 FH YR % (A ccuracy ) SR T &2,
HE T

TP+TN
T (4-1)
TP+TN+FP+FN

ATLLE B, AER RS I P TN E A R AR S i AR 2 LU e . 7
22 AR AT LRI RGN ROR , A AERE A B 22 BRI IS O T AN RRIR 4
X R A R BT M . LR REAA 50 A4S, Hdf 45 N IEREAR, 54
FEA, FEAS ™ B 2R A o IS AR G0 SRAT BT REASES TR0 O IEREAS, 3 AT LASRAR 90%
ARG, IXAE T AR 2 AN BEAR T Tl i/ H
N T R AERA 2 J0 VA Ao AT B T 5 R R R, BFARN gl TR R R
(Precision) M7 [5] 28 (Recall) R0 AL 85 27 T B8 IR0 SR B AT i &, Foe LR
(4-2)
TP+FN (4-3)
Fi i 223 s B A IEARE AR RN D IR R I 3R 5 P R AN IE R I RE AR LU
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__ 2x*PrecisionxRecall
=

Accuracy =

Precision =
TP+FP

Recall =

Precision+Recall (4-4)
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Table 4-2 Evaluation indicators of decision tree model

iRTESI E S S YR F1

AW - 0.688 0.825 -
WA - 0.750 0.750 -
W7 -- 0.614 0.875 --
M7 AE -- 1.000 0.375 -
P 0.710 0.763 0.706 0.733

MAE S S B ] TR AR R R 2 A R A AR AU DL A S ST R, 25 T
FRunz 4-3 firos:

® 43 BIERAEB PN R RS
Table 4-3 Evaluation index of logistic regression model

iRTES RS FEIEES Fl

AW -- 0.952 0.500 --
AW - 0.794 0.775 --
W7 - 0.658 0.650 --
M7 1 - 0.529 0.800 -
FIME 0.681 0.733 0.681 0.706

LA_E P 5KRA% T 2 51 D9 AN R A S B 1] » 2 m BB A QRS B OGS R] 1 PP i A
MEE. “--7 RN EEBA R, FOYHER RS FAEEGE N SR BEAT VRO
ANBEXS AN AR BEAT VPO o P IME AT RS 3 5 1 (] 52 ph DY A SR BRE] o x
RAR PSS AT T AR, MUAERS R A2 AR R g b R T R, Fy
ENIIP s Ry et E SR O RENEIE S g A EE R

MUL L PSR (R SIEBG 25 5R 5 PP FE AR T AR 31, AN [RIFLES 5% SI A A A S
B VRN RS o B R R R AN A o R SRR S TR R I I 132 4 [ VA AR A
AN PR SRS 2 T AT TERRIR A X7 £ T HL25 5 10 HoAth O B i 5 iR b iR
BN CHRTTBE. BRI 5 PO BRI <2050 i B R SR
b SCBE F R MR “CEETT I B XU, X BT I GREE T B I ZRREA
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Figure 4-3 The relationship between the accuracy of the model and the rate of speech
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Figure 4-4 Relationship between total delay time and total time
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