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Abstract

In comparison with traditional light sources, not only the brightness of
light-emitting diodes (LEDs) can be adjusted, but also the CCT can be done.
According to demands of energy-saving, healthy, comfortable, and smart lighting, a
smart lighting system with adjustable lightness and CCT has been designed and
realized. In the lighting system, the remote-controlled distance based on 2.4G RF
technology is above 30m, and the power factor of device is above 0.8. Based on this,
the PWM algorithm has been proposed to adjust the CCT and brightness for two
white LEDs. This system integrates technologies of the controlling system and the
remote control, and meets design requirements of photoelectric parameters. Moreover,
it is cost-effective and suitable for a variety of lighting situation. Smart LED lighting
can also combines with wireless and detection technology for improving the quality of
the human life. Smart LED lighting can combines with wireless and detection
technology. The smart LED lighting also can be applied in more fields, for improving

the quality of human life.

Key Words: Adjustable brightness and color temperature; Smart control; LED

lighting.



B REI G (i LED B

BB .eeeeeereeree e ssss s s s s aes s st b s R a st bR e s e aenaees 1
1T JFD coveeerrerresssssssssssssssssssessessssssssasssessassssssessssssessasssessasssessans 1
1.1 LED BBEBHEIZ ....o.oooeeecneeeccnenecnnsecnnasessnsesssasessssasessssasessasessssasessasasssnssnssssnscss 1

1.2 LED BBBAHUMEE covveeeeeereeresesesessessnsssssssssessessssssessessessssssessesiansasssessessasssessens 3

1.3 ZRSCHIZERIE TZLER coovveerreeereseeessssessssssesssssssssssssessssssasssssssssssssssssssssassssssens 3
2T LED RE A RUT T o oeeeereeeeteeesssisesiessssssessessessssssessens 5
2.1 LED BBBBBUFFIE ...cveveeeeeererseseneeesesssseenssessssssssesssssssssssesssssssssssssssssssssssssenss 5
2.1.1 LED FIBRBIFEFIFER oo, 5

2.1.2 LED HEBHUR MG AT TV oo, 7

2.2 LED HFETTER correerrerressessessssssnsisssssssssssessssssasssessssssssssessssssssssessssssassssssassases 8
221 AR T e 8

222 THAC YT oo ettt 8

223 PWM T oo 9

224 BRI 2 e, 11

23 LED BIE .ooveeireeennnscnnsessnsasessssesessasessssasessassssssasessassssssassssssassssassssssasasssssssnss 12
230 FTLIIMEDIL oo, 12

2.3.2 LED BT AN ZEIIELI oo 14

2.3.3 LED iR AT AL B ME oo, 15

2.4 LED BT TR coorerreererreeessssssessssssssessssssssssssssssssssssssssssssssssssssssssasees 16
2.4.1 ZIE (RGB) YHTIVE oo, 16

2.4.2 BBEEATETITIVE oo 17

243 BB I oo, 18
FEIEERIALARIER LED BEARIE ..cinnacnnes 19
3.1 EEEENVERIE LED BBEAZIH c.ceeeeeeeeeeeeeensensensenssensenssenssenssessssens 19

3.2 PARVEEIR LED BBEBIREN ...ccceeereerreeereersssssssssssssesssssssssssssssssssssessasssons 20

3.3 AR LED BBERIEFIEALELE ...ccceeeeeeecneecnscnsencnsscnsnsensscnssenss 21

VI



BRI (il LED JR ]

3.4 VAR VEEIR LED BRAFR I RIIAEE .oooeeeeeeeereesssessesssssessessessessessssssens 23
F4E MBI EEEIKEKT A RILIT e 26
R T = 310 2 1 ST 26
4.2 B BETRIBATIREIIRET ooveeereeeereeenseesnsessnssnsessssnsessasessasensessasenssssssssssssnssssnsssees 27
4.3 EBETREATIEEIELBEIE T o ooeoeeeeeeeeeeeeeeneenesesensenssnssessessenssnssesssnsenssnssssssasenses 31
4.4 EEEBRAAT S T IR ETE oo ceeeeeesessssssssssssssssssssssasssonssases 32
4.5 BT AT IRIEBRIRTT ceoveeeeeeereeresesnesnssneensenssnssasessssssssssssssnssnsssssnssssassnnsins 34
WO ="E25 9120 4 BT -, € 1= 36
B S EE HLED R oeeeeeeeeeeeeeseeesssssssssssssssnsassssssssnesesstasnsassessssasasens 42
B B veeeeeereeseeseecnssnssnssnsossossossossosssssssssonsossossossostsnssssssnssssonsessossossossossssnsss 43
B TTE oovoveeeeneeeeesesnsnsessssasasssssssssssssssssessssssessnssssssssnsassssssnsassssssssssssssens 44

Vil



B REI G (i LED B

Contents

ADSEEACE . cueeiiiiiineriicnsssnneicssssssnsissssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssss \%
1 INErOdUCEION c.ccuuereeriirsssnrricsssssaneecsssssnnseesssssnsssssssssssssssssssssssssssssssssssssssnans 1
1.1 LED HGREING ccccoueiiinvniiiiinrininncnsnncsssncssnsicssssscssssesssssssssssssssssssnssessssssonsssssssecs 1

1.2 The advantage of LED lighting........ccocceevviiesvericssenicssnnensncisscniscsnniossncssssssnes 3

1.3 The content of the PAPEr.......cciievviiiisrinirnninssnncssssnessssnisssnesensesssssnesssssossssecs 3

2 LED brightness and color temperature adjusting......c...ccceeeeccnerecceeee 5
2.1 The features of LED Lighting.........cccccecevveieieiriineeisscisssnncssssncsssncssssncssssscsanes 5
2.1.1 LED driver teChnology ........cccoeoviieiiierieiiieiieeieeeie et 5

2.1.2 The need of LED brightness adjustmenit.............cccceeeveevieenieenreneeenenne. 7

2.2 Adjustments of brightness for LED.........cciiiiviiiivrinssnrcsssencssnrcssnncssnnncsenes 7
2.2.1 ANALOZ MOAEC ....ooviiiiiieiiiciie ettt e seae et enne 7

2.2.2 TrAC MOAE ..ottt st 8

223 PWM MOGE ..ttt 9

2.2.4 SMATT MOUEC ..oeeeiieniieieetiete ettt st e e e eseeens 11

2.3 LED color temperature introduction ............cceceecsseecssnnccsssncsssssesssnessssncses 12
2.3.1 The introduction of color temMpPerature ...........ccceeevveerviereeeieerreesieeeeens 12

2.3.2 The influence of color temperature on human body rhythm ................ 14

2.3.3 The need of color temperature adjustment............cccecverveerreenneenneennnen. 15

2.4 Adjustments of LED color temperature.............ccceeveeeccsencccnncsssncssnsncssssncses 16
2.4.1 Adjusting color temperature with RGB ..........ccccoooiiiiiiiiiiniicieee, 16

2.4.2 Adjusting color temperature with warm and cold white....................... 17

2.4.3 Smart control for color temperature.............ceeeveeeveerieerieenieereeseeennenn 18

3 The theory of smart LED lighting syetem ........cccoccveereccrscnnnricccscnnnnnes 19
3.1 The smart LED lighting SYStem ......ccccccevverecsvericssnnccssnnccsssnesssresssssesssssosnsees 19

3.2 The driver of the smart Lighting..........ccceecevevvricscnrcssnnicssenisssnncsssnressnsnessnsnes 20

3.3 The control of brightness for smart LED lighting system..........ccceccesueeenee 21

VIII



B REI G (i LED B

3.4 The lighting source and heat of the smart lighting .........cccccceevvuvrircuercnnnnees 23
4 The design of smart LED bulb........ccoueiiiciivvnricccsssnnicccsssnnnncccssnsnnes 26
4.1 The target of the deSiN .....c.cceeevvuercrvricrsnricssnninssnnisssnncssssncsssnssssssessssssssssoses 26
4.2 The design of the AC-DC dIiVer ....cicvvercrseicssnnicsssnessssncssssesssssesssssosssssses 27
4.3 The design of the control Circuit .......ccceevveeevercssrrcssnecssnnicssnnessssnesssnessnsnenes 31
4.4 The algorithm of brightness and color temperature adjusting................. 32
4.5 The design of the remote CONLIol .......ccovueievvuricivnricssnninssnrccssnnessessesssresssancns 34
4.6 The measured data of the Smart bulb..........oeeveennennennsiiiciniiieninensniesnnes 36
5 CONCIUSION cuuueeeriierrsnnriecssssnnriicssssnnsnsssssssssssssssssssssssssssasssscsssssessssssssssssss 42
ACKNOWICAGE...cuueriiirrrrnnriicssssnnniecssssnnniesssssssssessssssansosssssssssssssssssssssssssasssss 43
| 23 (2 ) 1 1 R S O 44

IX



BRE G (AR LED HR A

B1E F

][I

Jenr s NRUUDEHT . Pk . RTATARG, SMABRA? IRAEH 5]
Ay BB AR RIE . NIRAIALSE RGUZIFFAZIIEI 0, MR R KI5
bk, NER G R B RS A At . ISR K2 S A ok,
P CABRAN IR 12 1 A RN Y6 2 O REURK B FF LA TS 73 MU AT m] DAYE R T L seit
I RAF 22 1 R RO I 2 (b AR T DA IR B R BN R 5 2 2 B A
A SIS BRI . ZERR ] TAR Rt b, A R R RAERE A
R IE BN 2D BRI B B . R RE TS E 2l i AT H AR A
BRI BATREME A, R AEH AR LED MUT Renai &3
AT LA BRI RES =B 2 98, LIS, JIRFE &
RISERIAE B REAEAANEAL, IXHEOOE T 5 B RIS H R SR I oLk
. WAL, B RERDG IR GIRT R aiE e &l ML Tk R

—J

1.1 LED FRRR#LA

REEH 5 N RSO A0 BUEAE DG . AR AR S B ACHUK B 46 18 H
K, Dbk 4a 5 B A s AR, 380 5% deh A T RO R BA R 2 A, 4k
FNCKT T2 LR T R SR, NSO B T B, JHIR T A R A A7
oG R RETE, NS0 SO SRR BRI R . (F, H AT LS ET AR
M B DGR AR A — SL TR GG ISR, AR BAR. A A THAE
BeEZ . PAESAERSHEIEANY, MARRNE 95Xt mak. TRERIFRR
HEMHRR. Bk, NRE)T FH—Fh 25 0 IR BTG IR LU e B i)

RIC WA LED (Light emitting diode) F A 50 Z4ERT bl tH LAk, 78 &AL
T REFIE A A TR I T BRI 5, AT LED Rep i — R B A
Yo TE LED Jul tATHA, AR (0] G4 30 im0 6 A, BRI JovZ: s B F1 ok
LED & . FLF] 1996 4F H % LED JT A il XA 1 GaN &5 F MACAa A A (YAG)
R AE— RO 1 LED B A MR I RT 5. BT GaN b i rlR B, il



BRE G (AR LED HR A

Fegh il B & Ce™ 1) YAG S0t 32 B WEGIHUK 5 & HH I 27 550nm R34 €4
Kt BRSO LED JE Fy 22387 SO s, Fi i BJE 4 200-500nm )
MAREE . BTMEZESE YAG, i LED & f kK #3665 5%k K
B S, TR AR BiE, FIF InGaN/YAG H 4 LED, J@idek
AR YAG RIGHK 1M 2 B A2 5), PT DAERAR &5 (i i At 11 0

E \
F
g E oy g

X : I‘ "n YAG A
A N LS
- ‘ Ak
LED B _;Lh_ﬂm h
( GAM )

E: LED .'i;,l-ﬁ & E K ;;|g§-‘
F: YAG 3% idn & & 5

—Fh & & LED 494L 4= & H

B 1-1 f9%% WA LED & xR

1996 4 Nishia 17 1] B 4045 (GaN) LED i dh, B T =% (4 LED 58
R ek 2,02 SEILEDG LED RORF ST ERAl. 1998 4,524 (1% LED FF4RTH
W%, 06 LED B AAaK. LI E . REBEE SR ik
R TN EER)BN. T EHISE R A SHIR WRETm R A4 5L B % LED
J& LED BCA T P\ S v g = i AR 21 2 it — AR (i
WIEIR, FERARAL G T BUT . D ahT Rl FR T S5 e DN T 7 HE B AR T 2 3k
(CIRPANAE B

4%, HETEAKE AN LED UG R ZERERIB ., KRN,
ANGR SR G BT U IR B AT A SE R BR KA N 43, . s TE R
P5la%E . MHTAxZ% LED = MBI i, LED BRif84T. LED HY6AT & & LED

TR EER N, MESMNEHEES LED BT FEEAT MR T S



BRE G (AR LED HR A

1.2 LED BBRARE =

AT AR R, LED YA R S R ORI, BiE
Bk RV ROEEERITE, FRIRGER & RGO EE 0. A5, W
By RO R4 o T PR ol T AR ik R e A o R ) 28 4 1 S — R AR
X J& DATARATDGIR (B A FRET 26T &R0 3L 5 1) HID T %) Jo i Le At
Hi-T LED MAMATRE. MHAHFMGK. S8l RERS, DN
[ HE B 7= R AU K e 7 1) o LED R BA AR A 32 AR ILTE DL J LA D7 T »

O fi: A= LR BINA BYUK

O WRIPR: LED A NEI#EER R, B[] b 2%

O #Rm5%: LED Halal mi g,

O LED IR G5B ZERAE ARl B 53 1% OB A/, B A% G s 2 /MR
%

O LED 3 R ARRURMGE A, AT & A5 & 1O AT T

O LED R 2% By sk vy ABRZ)), WA FH 26 A 2ERAIK

O A&, —MIEJL/NN, BMESEIFG, AR,

LED 7EF 3251 EATR B s o528, WA T EAR AL GOGIEARFEE LT 5 P Hl
LS B ONREE AU, [RIG LED $uiEshitkaels. furbditERes, 4 LED
A= 1% A &A1k TR . LED [ 6 T 2 fil et 2 — AR AT
TER KRR RS, e h il S peis b A3 U v E B, i AT AR ) R
i, FReHnEEtLF S5, BRAEHIIKS AR E, {45 LED BT A
AMLBEBAE G 6AT . TREAT HERT, T HAE Re SeBUB i #Eml Thae, XL
T REAE AL G 1) HE B AN HEAT 28 i 5 AR A SR BT

1.3 AXMRABRREHERHE

A SCEFXSLED IR B HURFEREAT 20 M, 058 1 DG R (o IR LED IR B % 1) R 4t
AR SRR, IR T A BB — AN LE DG R BT, 2%
TAER RGP SR SER R A IR B B . P B BE it AR S S5 R e HE

BIE: 5. EERR I AREET 5. THEE L. HiA T LEDH

3



BRE G (AR LED HR A

RIEDI S #aFh B Re R W 6] RGO IR LR ey .

2% ARE AN [ LEDIR SRS SR M G4 E A% . BFFT T LED
R NGB REm, PSR LED S . (UR ISR, SR A e
PCIAEIRLED 18 B RS4RI .

3 FRAINARE RERDE I IR LED R B (SR B4, MLEDYKS). LED
JEUR K AR BN g . A2 T RS e R G R R T B

AT, A B RER — 2R RS R R LR ERVEAT (DR Sl R e
AR B PR S SE 59, A SCINAZE SR AR o 1 D6 T e TR i A A
ST RAEAI, MARRBTHE ARG R IR AT BT IR, [F)
A

I oF 8 5 B AR e ) R R i B R B



BRE G (AR LED HR A

82 E LED SEMERFT

2.1 LED HBRRRY4SM

2.1.1 LED BIRBhEHIH AR
LED & — 7 2 (1 [E O IR, & 1 R 6 IR BUE R 2 34k P-N 45 R 8UR 6

k. I TR DG R S BT A A R AT BB AT 0, B, AN
12 SRR BUR JE R KA —FF . B 9T LED O AR 5 R H N A i H
(K], tRAEN TR PN G5 ALimid E A LT, A DA 5 1) e B e 4 8 3 R A A
tH 200-750nm YK AT WG, AT (RS B R R G884 o S FH AN [ 7y
FeLE AN MR, LED ik H B2 AN [F Yo AR (B 27 J5U 3, 10
AT LA AN R B IR & 77 R SR B, R R B R A . 4. A =0k
RE. ULZHEGREGS.

ANBCEM AT T, /£ LED IIRRBRYGHE A, A5 5 & i B, A Rede
a1 IR ) LR, TR R Y H R TR E, LED R RE S 2RI . BEE
THEEHIIG N, LED FAH n) B AR RBR R L A N R 6 250 S PRI . RSk
R Y], LED ANgedl R A DRI AR, &l T LED 78 LAEd i
SRR E R, ffi45 LED O45IRIE B, ABHB K. SRS,
R K o ERCEVEIES, B2 RARER BB RS . mHEENTA &
B FEOOCRER AR I, FEASRM S R, AR S R m, S
HI IR R, @A S HFAEDI AR, UM RIEEE K, &8 Bkt
%, BB EM RS, PEEN LED MR JGRCRE R SHL,
EEME LED kP Hik, XFF LED 884, FMRAMSEE. WEL—
W B R VE AT I TN BB L. SEBL LED HIK vy, EEZiL LED
ZE IR ORFETE 80~90 $5 IS8 )& FEVE Bl N « LED Yo a2 il I FE 1 = sk bs, [
B, mIE LED e R 1A, %%t E A2 R4 250~400mA
PR E Hdit . XA ] LB/ LED N B R #Y, REFIEGAE 2 LED fef



BRE G (AR LED HR A

DRIFIE E 52 B IR IIE o

IR 5l YR & KT LED 4T H TAEM % Z0564F. B AT LED 3Kl /7 X 32 24T
FLIt LED %X5)(DC LED), i&H &R 238t LED WX(AC LED 3Xzh). ¥ H
it LED Xz M AR, FreAHETHH E BV LED IK3EEiIkE) LED(AC
LED)N. FHBE )iz, M3 LED JX3h4% Bl LED X fi S A1 5 (8, )8
B H TSR, 223 LED SN FH 2B 1R I 1 R R il 55t

KZ% LED FHZ R ERRS), KFULEN AR, FEAATHES LED 25
Jn—/> LED UKz LIS RC 2% . LED DRl B 58 T 4% (1 T A AL 40 32 i iy rl i
& & LED JRZ) 1 B iR fL. BUYE R 1) LED 3K2) A P . — &1l oK
Nk, TRAEEEIKA . FE R,

1 LED AR OGHE FE B HC IR M OKB H t g . 24 LED W35 1) o R R AR U
&, WRENEH AR NI LED HIAOeHEE, At E T, Bt
LA, LED FREMERIK) . fEMHE BRI TAET R, SCHPFIRE) LIET =,
— e K H —AME R IEA 2 AME R R L, A AME R UR R4S RS LED
ITH bR Pt 7, HEAHN RAE, #52&—# LED Mbs, Asmmifh
# LED AT LAE, (HpA SN S — M. 55— B d i it e,
LED HIK. JFBCBURIKIZ AT . B SR ARG, AN RIiEMHEZE, B
R BAS LED KA, ALt LED 3247 #91a8. JX #5Fh LED BX 5] B
T, 76— BB IR 439647 . LED fI 2 BiE e jmifi th i 77 30, 76 oA f M R
T7 T i 2

fEF s B ) PR FE A 5 1 PR R ER % IS S, ELURFURRE LED fR
AT AR B I RN 22 e LED MR ae s gt R
JFIE ATE L FiL R DK ) LED £ RS2 ER 5, Fe MBRAA & & i fH . LED 18
3R B 7 G — R UL R ZAG WA eI IXBN AN G OKE) . Ltk IR Bl B —
PRI BRJFEURMIREI A 7 75 A6 LED 4T BN o, BARIEAFEE
FOCRERAG S H R M 2 55 ) A T SR B R T B L AR AN T,
e L — LeRF e M LA o T OKA RT AR AR B0 1) PRI 428 1RGP R v
F S A PR A LR

LED HEBAST B IREh 1) EZE Ry HiRfH (EMEER) . Bl



BRE G (AR LED HR A

Fi A EEEEE . RIFI BRI EMC FiE, RGBSR 4Ae . min
fAfZE LED 3Ky FL il ()4 75 iy — B2 LED M HE L DU TRER AR N B
K EFF

2.1.2 LED BRARAN AL E Y

FE 244 RSB TT BRI KT 2T, LED fE RS FA0RTT BRI HE B
BER, MOCREAZ I PR MY EARTE LED MU, K1 ae stk
MRS — 0. BUHE 2015 4, SEMABSEKREESHL 3.5
IR, Forh IR B r G R 10%. H AT, AJEIREA ] B 5 AN R B
Hig—2F, &S 1500 1285, DABITIEBISR UL, 7R 11 B R 5 5, iEH
AT NRESRARAR D X — B TR, FEARAS I i 2 e i AT DR
R AR BN . Wi LED BSAT R AR B B W aThee, mrifs
F R DI ZRAE TR 11 555 B A A R 1 A o RE AT LK PR AS
WENR . KEMHUEY, 7EREK— P D A1 B0 T AT Reis 2 JUE MR
MR R . T4 M AR AT, 56 LED 4T 150, /AR
MRS B, SRIGTReR MR . #5700 LED 4T H B H BiRAERL
ISR B, FERAFDEEOR, #1529 R0 U — 05, T 4 sk 750
B, RN EE . TDEHEARRE K E, 115 LED ML RGH
AN ABeRT R, AT A3 2RSS s T RE

LED T BCRHFEDGEOR, adid i B RERT B Th, W5 BIE.%3% LED
STRM LRSS, B RERREE, AMEKIT Bgdr, et EBE2Y
Wi LED 4T BT S i A R BE R 3R o Toit /2 LED 9K L & LED &5 v, 3
M ERIR R, ORI R TGVE KR, AR A m] SE A 22U R R
IABGIRE Y 25°CI LED HLYRZAZ A ik 320,000 /N, 124 BT 60°C
[, LED HLJ5 (175 it 46 58 25 U 35,000 /NF, 456 42 171000,

[FIRf, LED AT H A RAHRIGHEA, B D EC, K30 IR B S
FEHUREBRAG, SRR ERRAR, MhRE T nfRsE . AHRIAT B R IR s Rl TR
LA 200W LED BAT A, 456 Ay 25 Cu#dam thiny, 4hail o 50°C,
TR B AR IR Sl R S0%IhZemt, HAMCIREE TREZ 40°C, H itk
B, ATEEEWTHR A 25%-40%. WIEHARR S LED AT B AE A A dn AR = 1 RE



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



