Ao 98 Uloisbw - (BMS) Uloisbw Liouwwgd Cuyudo sy

5 aS 3 (s AMbl Cswoiowew a4 ( BAS) Uloisbw Ugawlogil pousw b ( BMS) Uloszbw o piusw
S (s>g,3 Ul 9 Uloazlw wlixo SO wiouwd J,iS 33 Shi=l &b 5l 9 00ui s Vel S

5 5SwlSo ©luwwli Jolis Vooso JyiS v walizeo S cuomud »3ulos (s iy 0ol 1,18 Sy | owlio
pabis (sl Gl csioul S a4 Llgi (o aS 039 sulining, Wlinpxi 9 (HVAC) ggubro augps picussw
S ) BMS GSla poiiw 5l osleiwl 51 Gad IS Heb @ . ul Sy s el 9 S,hlasl By ol o yiws
ol 0loy 0T s VlousLw Lo 9 csdawmeo by @ azgi b walizeo Sl 3,518 byl (ks Oloas Lo

2135 s pll Sshl e Ggan 5 wale s, 5l ULSLw aS (Wl 51 Syl Oloisluw oo pioww >3
o9y 9 01 (il Sop Aizd 9 Uloj )3 w9 ABro el aS 35,3 sw bl Loied Sla piuw brwgs
L. s JLis @ 1) oo (oot il ginl3dl g Spdilbs juslS «s5,l Sla ausa yuals S5l V)las awls
Slalhaz) w)ea; Ulgi (v 1>y piww S SHSHIG L g Vlesslw 2, 9 J51s 5y ,Sws glsil S8,

5,5 03laial JT ol bl s @ Oty g 55 ol 5l 9 csls HLast s |y ciniol 8 cainbal balys cswolos S
9 ko wleMbl Syl 5,5 b as 3il (o uols )13l oy 9 )18l wsw Wl @ 5l shio Gl Sl
53,5 s Lzl Ulouslw e 9 JHi6S Jg) «S5S 00 picuuw U b o3l Jlawl

5 Uiuloyw pisw JyisS c0loisl ulingg, JyiuS 58585 i 5l oslaiwl b dionigd Sla oloisLw s

9 Usl; «Sigw sl Lexad S hhol Sla wussy xS (b 5> LS @iw Hlae S puses IS piwlo)S
Aouigd Uloaslw. 1 o udlS SpSonin 930 @ Sjpl Brao (s deuigd Sa-JyuS S)lewy

CuRdg A ot posowo W90 4 Jilgi (s aS 391 S8 (silbli)l )il Sy @ spxe aS ol ulossbw

| 035 ol Olois b (miSls @ Guizad 9 405 (589 il U | 395 g o5ls 0l Josll wSe bumo jsio Sla
cads Gl 1 Ll Giwlwl 9 ol 9 05,5 oslaiwl Syijign wigo A 39>90 gilio 5l aS 18> (5w

Vloisbw Sjlwliowusd Sl

ad,0 Uljuo 33,5 (5w Ulouizbw walw B ausd Giwlidl cuw Olossbw iy yio puicww Sh>l aSyse>9 U
I, adgl S aiy3e sdUgS Waw ;> Wilgi (s ¢ piw | Sl 51 ol Uloaslw s)l> Sla aysd ) sue>
Jioiogd JyiS S pianew bl acsls olod a4 UlSlw Sly | Giwlbwl 51 S3VL adaw 09Mes 9 3los Ul
S Oaixod. 3900 (gabain wlizo Sl U 1) Ll (il Ulgi (s aS siwd suVb Syudy Blasil adow slls
9 Sixl Sd ausd JudlS 9 ,ipr Spdl) Sh Silw Aups 9 s Oldac Vlgi (o >l S)lsy 0,0 P
VL iy JyiS bl sl olaasbw cypio S picwnw puized 15 ol |) iluosi Sla aiyzs Gusls
cobw e U aowl iy ulSsl Wos 5wl w5l ol waliso Sly=l JyiuS cacwlio [lsbuw Sl L g o5g) 515,95 0
Olms (o35 Jlocl ULl U 3g05 Saw adaw | wlis Szl S,udy JuiuS el Ulgs (s walizxo (oo yiowd
Al pdy Vel oa i jouc s0, Udges 3)lg Wyg0 53 9 5lxe VLIS Sl g



: A gudlS Vo0 Yid S

W ying 5> Sixl Copadl 13,38 sos Ol i) 58 5l (xS 093] 9 1S5l AWl @ Hlais 51 Vb Uloj wao
Los Sla,0.S csolad 55 Ul sug> 950 @ 5l aS cowl azgi 3590 Sl ojluil @y )9S slaidl g gilio wg3dl5e,
ol 00 pulws | (pols Sl @S @ Llp> aw) g, S yeiS Logasy

Ol 438 518 5l S,uSel> 093] 1 3,95 o0 oo U )9S b 5| Ui ) g, SldyeisS > aS §j)|i| ‘l—"’wl
390 (oo

Ui S5l 9 Olaisbuw iz 53 (Sipil 9) v Bra0 ol (0> 2909 U ULl 55 (S5l BVl bl @4 K5 L
lakad aS cwl 03l polais! 395 @y |y 49uiS S5l JS g 51 2o)d TV/Y 3905 Ulsao ol wccwld Giuss ulw
) Sy Adlg> (sp>9i L p8) (Ol b, Gyl

Ol S5l aiupy Vg ATA LITAY Slpdlw alold )5 (8900 wgw Yl «S)lel Slas gly sl b Gillao
aS aw, wwo Vs 3;Ldao OY/Y @ o8, (il «S5l Brao JyiuS g wug> a0 L aS wowl Vs 55ldao £ /A Usleo
il adlgs olyed 4 ug> a8, HVs 5L V/F

wollao byl,i slul (89 a0 Lgw Sl p3,0 bwsi oai Wy Sl ayse GuslS (s gw Brae yuals
S sy Bran 5| bl o) buxo sS3g) jualS 5 by cslo cussS o8, YU Jus @ oloasbu los
owld Oloas b 55 Sipl Bpao S5lw gy Slicwly 55 0ab ol wloladl Glasl alos 5| sl

S50l Bran i, JudlS Gp> 5> Silw Sidy9 Shy g9 JiB Sd Ausd Bro b sied S UlojLw [
ol 0 Ly ol 55 p3y0 BT Giuldl 18l (0ligS (silos wao 5 aS Syeb 2l o3ls pll 5560 wloladl
by wsulpis @ digad wswo VloasLus 55 S5l Wy 5l &ilo S salao § Wi 5l o3kl aS ol Wl 55 ol

Jool wulps aS (sainlo)S o pisww 5l oslaiwl Jlio Vlgic @ it (888 (S35l Brao S3lw aiupy

5 Dlgi i sulpis A gt W VloasLw 5 (S5l 51 Aingy oslaiwl Gamw 9 bl oans wyle, il s 5wl
picisw ol Oloaslw 3> 5l Gy VD 0,5 P > aS |y g 8ly uso S5yl Brao S5lw aiups Sbowl,
1 s uslgs Ul 2> 5l G BVl cucw UloszLw 5 (S50l W ruan aolsl b g g s ghad )S393 ;b @
oy oo b A Sy9,0 98 Wiinpxi a5l G Lpaliws ol LS e uld piiuiw 3929 093] 4 ags

b JudlS Hohio 4 9 Uleasluw s>y S piuiw ) S JHiS wap> o oui 3945 )55 Sgaw |

3dgi Ulsao v l2lad aS 390 (w0 59405 S Wloyuw 5l (sardac ppaw 039, UL 5l o S5, W yiiiun
i 55U csv ,9uiS sdo pallsb

oslo 5l all e 55 ;9408 Solaidl aswgi p)lp= aolin OB x9l5,S )9S (S5l pubac &ilo 51 si)So i b
05,9 ASU Ul @y asgi p93) 5 9 il ails o)Ll (S50l Byao JyiS 5> gy pulac Giusi @ aoliyy oyl axV ¥

9 Wliup= (Jilwg S)el 9 2Vl @) oS 9 oS5lw diups S 2,b Sh>l @ axV ol ¥ oslo aS (s)eb @ .l

53 p350 oS3k 2ilgi 9 198 555901 9 (S35l Bran GudlS wp> 5> (S5l 024S Bran S wlolw 5 wlwls,lS

pole= a0l azV ¥ oslo 5l @l Gz 5l siommsd 5> Guizod 9 vaowl @l Lolais! «8ao S S)gl 8 5,18
tCowl 020l (aziwgs

oMol plxl «sslaidl slile (s> JSoi «S5l pil wass glo 5l Sig 0,00 Vlw, yiSha> @ j9hio @ »
S35 9 S5l 02iS Brao Wluwl 9 ©liup 555 9 Brao Adsi 5 S)el K skl 9 S5lw aisprsslassl
03,S wildoc 9 wgoac Jii 9 Joo> ao> 51 wloddo W9l pdld o caowl lSo clgs (seloix] cllac
«.3)|38 )=l & aswgi p)lex aoly Slawl 51 1) (siloladl il pusiowns S cowlow

aiilsy H9uiS 55 Sl BVl U=y B Bllw Cup> 5> Syid0 S L8 uld Cowlow Guix Bixi U lakd
owl 418,55 O)90 Logas il 55 w8l zus VESL aS Cww liso Ul @ PMS ul bol 1 Adlgs

0eiSL (ogas> Ao 9 (wogas> S WS,k (S p 9 sided S Olojlw s>y 28, Ol 2, S AgS Llad
0l oy plzsl (55,01 Bl udlS sl S,580 wloladl

S)x S wlods)S 9 b yiwlod )55 b sl Sleale (ab (S55l Brao Silw diups Ulojlw Jlio Ulgic @
ol 3,90ews uyiopo 03,0 pgoc Sy S5l Sid,9 aS cwl o3l plxsl Lowl)y ul 5> Sl oS wlolasl

owl 039 B a9 B Gwlod

23 9> A8y0 podl A Ui 5l Ui 9 351 0358 Ty S5l @ s @3S b wolaio soiySo 0350 pgos LS|
il 0350 s wl

0,3y i 555l 033U iy b csainlo,S S a9 sid wliapx sl o350 Sl S3lw Sidyd



g9 U LS W (g VleasLw 5 Sl Wiy vlw, JB8la> U cuw aS (sadlas 5l osleiwl 0 la=>9s Sl

LB 20,5 cesilois b 4o 55 Ll Usy LS W g cule, Tabd aS ol (suld,gS alos 5l g b s 5| rols
oo biwly Gl > 00 (sug> A8y (S35l aSiT culps 9 35S Adls> Silw 0,03 WVLw | (S5l 5l (s>

s Adlg> 031y Lolais] (silyac S s @ wsllo gilio 5| cosdac

wdlao g Wliap=i 5l oslaiwl 1w osls Ly Ol @ S5yl Bran sug> A8,0 2,b Ul 5l Guy aS uld,9iS 1 51 (S,
53 1S5l Brao s> Bro S (ily Ll awls olped @ 1y S5yl Wy Ulse GarieS aS 59 Olaisluw 5>
bl g Whiup= ol JiS 0g= aS cowl > )5 ul aui aoMs s9>60 WUl § Wliup= ujips 5l oslaiwl
G Ul 5upx5 @S ol B8 SlayeiSLe 5l 55 oo 15,0551 1)l olrad 4 1y Vlaislw 55 S5yl wd35b Goyiiny aS
iy adlgs olod @y 1) Ol Usges 1d1d Wlgo Sjpl Brao JudlS 5 ogMe s,iuS S puunwij ol

9 S3xil Ainpy Bran wup> 5> LA diauigd 4 B 2 | Ol Vlaisbw 58 )5 (88495 9 xS Piaw Gai> s
cule, (& Olaisbw 1S5 U 0loisbu ol woles L aS cowl oIl 55 ol +5,S adlgs clusy i wly Su;
wJgozo Sd Ulaisbw ;55 4 Cunwi 1) B899 Uloasbuw «sawlwl 1981 uod aS cowl Ul > Saiouigd HgiS1o
g adlgs lesl (ol 0aiS raai Ol 55 S5l Bras (sug> A, p9, U axgi aS >3Lw s ploio Sa> U

a8,.0 Cup> 5 Syise Slpol8 labd Ul Uiy slo Wyso 53 aS Cuwl Sl ol 9 2,b (W Vleislw Gislw diosigd
Ao adlgs ails y Shpl Brao 5l sl Sld auye GuslS 9 sug>

(S5l Bra0 5> Ao JB (sug> W90 U Oloislw 5> Joniisd Cupo picuw SpS,5 @ wygo )

9 5,123 S a3 GudlS oly8l 5 Slac 0 9 W piww 3,SMac 5l il Slalas g siluil (S9j0 Guals

9 0 adow Liwl3dl 5 9 (siluwl Sy Ao 5> Logas S)g 0,00 Gl (siloislw S piwsw Oljuos
9 b5 Sl (siluil Sy JudlS (o 89)b 5l ol padle> g, g, Vlaislw LuSlw Sy cowlio (sdasxo sl
Cowd U 2ulo (> ) Wlossbw (suwSe) 9 wwli> <las)l yiopo aod jl 9 juosi 9 S)lpSs Sd auys Gusls
gy uidlgs 1 Vleislw S3Lw Jiouigd J> ol 5l ool

18lg5 olod @ |y (sug> @80 Vs 3,Lbo V/E 51 Vb cswd, 1T B 1TA) (sibo Sl csbo W J> ol o0l
ool

9 1 Vlouslw S3Lw diosiigd 3] W H9isS 5> Syl K sihio 9 yips ue> Ao Sliwly )3 9 LSS Bl b
Ao padlys @Sl G 5l piun 1 Oloasbuw 53 (849> syiS piw o)l

@ il )8 Ulos Wi 9 Lol 35,5 S calizo wsbli,l Jilwe bowgi 595 ol 5l Ulaisbw J,uS wlSal
55329 51 Wlgi 0 19 siloy eu 3D 55 (S5l Sk 0,65 9 (S3S 051l (Niaiiigd Lo piiwsw dawlg
b oawgd Vleislw &b s Sa

Ulwliw,) S 9 UVgiws s

lpiloislw )5 b Gz Sh=l pogas 5> csoMwl (Slygads pudzo (S5l UganoS L) lisils JS

ad 0 1S il 0sls yolais! 593 @y 1) (S50l Bl Uljuo pyiiam aS Syl 9 igSowo Slpilosslw Logazy
s 5B aS wiwmw b oBiws wuas aS cowl s 55 Gl canwl el b3l Spol Lpiloisluw 5 (S50l Wyao wsug>
9 Sl 55935 Vb aigzd 5l il 5y (ual Ol sigSiuwe £ 5l pogas @ lpiloazlu ,> S5l O Hlis
Bad 4 Ui Shys bol 1S 1wy 3900 Al wiS5h Wyg0 A Gamo wsiloy wae 5l ay Uusd ol wowl Sow
S 0T Sl 550w Kid,8 lebd aS aiiwl Wploasbw 55 wosb Guix Skl Shudy aS xiiwd 350 Gl «sulps
Ay o B @ S)9,0 b Guix Sl

W>gi 5l aS 50 wlls)lS 9 gilio 5> (i i s 1S aolsl s (oMl Shigd pudzo 015l

Jlocl Ll 51 pusiwn W)l aS (sS>6S Sl Gls,S 5 logas o W)go 51 b 315,95 5 Syips Soladl
201> o S)lean oS50 OVl g 39 (swoi

o)Ll (o 345 59uiiS (SHxl Brao Silw dups Vlojlw Vol Giuz Gwlici) S wxsle> ol puaipo
1S Lilossbw S5lwiionigd way,si

axgi b piaw Ol (S3S,0 £95 55 aS 3940 (50 puannni liliwgo i S 9 S5S 10 £99 95 U Aioniigd i
U 2> o Ulo,d lunwl puisusw 0 (Wlosslw wlizo S wouwd Slales wylsi 9 Ug,w u=o Wl @
o8 Olais L blas olod s Liwlwl bulyi aS S 5b @ ads plssl los 03,5 5 cwliio g | 03V wloladl
Y

w9 Sclaidl o55L aS cowl s> b Lpilesisbw S;Lw diowingd Bgd 1555 95 @ a>gi U 13939 weile> Gwaipo
591 padles 10Li piwaw ool U 30 SlpiloasLus 5 ) @loyw wuiS;b Jlw ¥ sl T @y o cobls Adle>

> Syio Yoo v g9 Syio Yoo sl el Liloislw adS sl 0l aisa bowly ool 5 asgi J1B8 aiss 159381 S9



o)Ll 3,0 pgac Sly divos ol 1> Silw Sidyd po3) U LSgw Brao Silw Aups Olojlw pulid,lS ol
Sid,8 9 1l Gals8l digoy ol 5> 330 SBBT L 9y Gy Bladl @y Uaew) Sy el vl Hbls ¢ cuwls
29:i8S a>gow By Silw Aiags OlojLuw 5w Lowly ol 55 aS 5,8 JSibs 0350 pgoc Shy Sl 0530w (S5Lw
Pl cp> ol 5> yigo 9 1o (silola8l aS (sulpilo;lw 9 LpsS b @ Vloslw ul Sla a0l Gl 9 bulgo b (sillao
@ ol l @S 3S (o o Sla culox> b g oS sisud pogas ol 5> S)lazil SipleiSs Shls b g x> (sw
391 Alg> 2yl ol Blasl wdying ¢ syl 5> 580 s0lS 595 Qg

Sslwioningd p93) @ o)Ll powosw pileislw S3lw Jieuigd gib Syxe 0315 plini>| ol pwipe

5505 Sgow 3l wl dionigd Slaiws Salas ;1 Giuw vluil sSalkhs o lehd s giliuo 9 Lsleasluw
1955 95 o 1 wow bo csind SIaslimo Guingo 5l (5Sy (55155 Jgol (swolod 53 (s> A8ro aS Ll W axgi b
) il Olaislw &y Jlacl JyiS a4 5,58 aS (suld picuw S5 @ 9 oSilwiiosigd p95) (g8 ppo bol I3x0
) S3Lw oo 2rbae G 5l Gl

oo Cud il Slaslasibowl 51 dpsleasln dlig Sl g B coluwwl yiusy 5> aS ¢l @ axgi U 159591 So
oS Jsol ool cule, Jool )3 aS @b, pudles iy ilp> 3)lubowl S0l ulw cule; conw @y Ll pss
35S Adlgs 59iS (b, S sus> Wy 4 ibls

o g @ Lpilaasluw 53815 gob (ol Vo swgac 9 lpiloaslw Silw dionigd 2ib Sh=l L 15)S zurai Se
» B Sju, by Vleislw g alo,w Ulalo VMS Slptwlw Sliue 5 aSh Wb (o Gua S lpslul slalas

a4 Jlw 0 5l ialgS (siloy wan )5 gub il Sh=l @z al aS aS @, aalss Jiuy )i (sdhio Jgol Sl

2590 wles aloyw wiS5b w90

Z 05 2ok ul VeSS 139381 9 ownls WV Luile 9 VLol Ul H 8395 bli,l |, Ol S3lw Jiowigd u,si ) Sy
owl 000 >l g 050y el Canddeo Wygo A 3Ll (o Uie 9 o Ll @ (gleio aS Olypi 059,90

Aioningd Ulois b 1 el Adimo 3 Lpilaaslos (S5lw Jiosied ol 5 b Gl S cpaio Jgawy Lulips
Joles 55 b U L850 (sibio skl 9 @) LSs csiww aawly @ 0l (sl3ls Slil @S a8 ol (silossbu
Ol S S5S puonai Uf je319 @ | (sildoc @igS 58 piiwaw aS oy Ol (Saiouigd 55 wyle @ . 15,50S L
el s ol oaw slall sl shio pwlwly Sxiouigd ol 9 2abl (o wdUs g8, 5l (S)le o piunw
Tob ot 398 ol 5l o Siux 00 Lpiloaslw 55 W picanw ool SxSH5 @ g 3oniisd S piuw G
28 Ol pg3) youisS 5> Sipl Bran (sug> A8y Cdl A a>gi b aS cowl Saa> b pileaslw Slw Jioaigs
390 oo pwlbans! L8 5l G 59,

b aS (sulpspl adS Wlaislw 53 az)lSy 9 (8,i6S (seiww ol o Lpilais b S5lwaiosigd b 13991 Sg
Joc @ spSin il 08 )18 5l 9 1w 1y (sus> W0 diw) (50 BWl W Brao Sy S)9,0¢ Slpilos
Al s

b LomisS 55 Syl Bpao 51 Syl wleMbl ()3T b (gillas 178+ BITYAY (sibo Slpdlu s ausllao aS aigSilos
25 ol weidls pudles (s> 850 5V 35ldio V/F s9a> s9uiS 55 Ul (S5l dispy 9 Sixl Bra0 53 (sus> Wy0
Sl Slpii 55 S50 QW Ulio Guyiing @ 0Ll (poud Guizxod Sg b Alg> 5 axgi Jild Bgd 03, lehd
Slpiloislw Ol gl 1> aS 3550w w0 3l yeisS Sjxil @ 1) Wl sy ;9540 Gy 95 1uaS (sigSwo g
55 1) dioningd S piiw SpSHS W g3l ol (ol 8 10,15 S5yl BWI o5yl Slpilaasluw 51 i (sigSauo

5l i e 9 W3S B 9 WS 10,3295 S 0y SHSHS W b (S5l Brao Silw Aaps SayeSB L LS
S5l s (Syor0 Uity

Slpiloisluw pogazy lpilaaslw )5 2rb Gl pll S aiy3d Ul pogas 55 S3lw Jouwed Ywlind,S ol

ol sl 53 (S50l Bran (sug> a8y 9 lpilaisLw 53 Sl diasigd S piww i U lekd 1S (sigSuo
Sbw g el S aiys a4 cuws 1 agza il @l aS sy adles iy woiSy Jlw £ L 0 5l iS5 b ausa
oo pdbs LpilousL ol Sy aS uinbul wUlol g s, GUlSel (uizad g so1 oy 10,5 +/0 5l 4i0S
wow| Jiouigd UlessLw ppo 9 Jubn Sl dos 5l sgi




oS WU Sol

Uloszbw ol wyyuio

piiw bwgi |y 29,3 9 5959 JyiiS aS a0l v sdxo 0aiS S SO @ jpxo Jdiiwo wiygo 4 3>y e
Jlizes a5 b g csaublieos )lS) (sJJlumes cugd passedis) (g (sw 3)lg axlg v aS oS 5l g osls el
Blos (o 8L j94c 50,

9 UiS Az a>ly aSiyl U S (s |y aolsl Jloyi wyso @y 4>y @y j950 9 594€ 597 Cw)> 594€ 50, ASLy90 )
LU g w0 3)lg 03Les aS (gl a5 Wygo ol 5 Ll o SIS welw Slpsl H> Ygoseo aS osguw g9,3 oMl
. _ Wlos 3,09 1) 39> 39,9 30,.

Ao 55l 9 0sls gMbl S35 ,0 51391 o0 4 (sIxo S By 5l i >9s olicil 03 35l H9uc jo0, ASU 90 >
Ll o s s @,

D> sw awlos | JShie (848> J=o Ulosslw atiuss Sgy o oJyisS BUI 1531 o0 Guiseod.

o3 o3ls Giwlos JiuS BUl s 50 JSiie J=o mglai pdud 5 9 00ui aid,S wlod 5l &igo 55 puady U owd 5>
53,5 (5w 0,055 9.

UoL>ul.9LOJ| [(WURVAV.]

o 02iS JyuiS 10 )Jo.>uul_a.u.>|L5\.15)9JoCU9x5_,.aS)9) ,_S\JJBxSLBClleuLouobulsLoﬂ)gy,olS.@)b
bg_w@o)obxs)s).o_,bshoygo_\.ob) |_x.qu)Ja.>)J)| ol ub)_uxsbqso>9.;)b.>,o\ls|.\.dsq.:).gz.o

9 02 031> Lilos JyiS Bl 5> asdly @y bgsye igai 9 03 4id)S ywlos (siluin sl b puady U 5l ©)yso 55
55,5 (5w 0,3,

axa.0 Sg) 9 35,5 (sw patiw s pMel (8,85 Jxo (Wlosslw aliuss Sy 1 9 S3S 0 JyiS )39l 0,0 bawes
o0 csw o3l ulin ol Hgiile.

B> Sy e

53 ol 55935 Sl ojug wuodl 5l Ol 59 (slol Jxo 9 Bay> 8390 U parit Wleaslw )5 §1)> Cupde 5
S @ aS oani weai W)ly> 9 39> pansit 4 bysye (uld S axly S8 egr 4 sSiuy Wasly @S
Lol o Juaio Al O (sd=o oS,

d).uS PRY W u.uLM.L>| ol 9> )SJLMU as LSV)|)> L 9 Aab S )9 uu.)| )SJLM.U as S>9d CUQS JYo) QSuu)g.o )
28> s eMbl pd S3S50 51381 0 @ 9 3wl e B> 999 LSl aS Jled s Uiusy Syu3l slzo 01iS.
iulos B1y> Gxo pglai 33,5 (s plil o3V (siliw; eMbl 9 00t ai8)S Ll a1y oo 9 (siliiw Gl b
53,5 (5w 0,035 9 62 o3>,

35,5 Lsw pazaiw 9 04 031> Giwlos Ulessbw alinés Sg)y aisl> £699 (8195 J=o 30 ol Hginigo Sgy .

b9 1wl acils )18 )S595 JyiS Sy p pivwssw 9l B> slabl Wliipx @ jpx0 a>ly O aSjg0 )
ahio )S39> SlpdgunsS 9 lpil Ol 9 plxl H 595 wigo A Guy> slabl (ylos w8l)s LS BUl 51 Sygiws
Sy o 338l (s LS @y Gl

M_,'J.o s U)9d o

ClS.;_wube.uu)Lm UA)9d i LS ‘_waks\ouu)gb d.l)b)l d).uSCU)Lu _»,S uul_uol as nS.).>|9).®)>
ol acaly 1lg o s ulesS )3 9 G, UlSsl aS 35,5 s wual.

a9 (S Bl 5l aS cowd Jile aS wulos Guas 393 (sd=o 00u6S J,iuS 5> Llgi (s Saxly wslo 4o
> b 5,8 Jyas.

©,90 5> 9 03,5 g, Ulo; 8 55 1wl s @ jlxe aS 1) (suwje> 18 Wl v piwuw yae (JyuS Bl s
los 0,05 |, Ul @y bgsyo pld gl

33)5 (5w 033 58395 Wygo A asdly Ul plud Wloislw 5> ppo asBly 1B 59,0 Wigo ).



Ji> s ined aS Ll 5l cowl oSew 9 15l Ssbj el 9 W) b g cuodl aS gl b g b aslg 5l oy
3905 )15, pdud (puyd ploi Wygo W L g pols Jolsd 5> puyd ST wjgo W OlgT w |y Anil S)ls 0 pbs.
ol v Jlasl 9 Giles JoBB sols 1381 00 Jnwgi 030 0,053 Sla plud.

Uloizbw S50l wupio

Aol e (89380 9 > swlicig, B 53 Vgase Uleisluw,s (39,00 Sla 35l

Hlpo 1) Mg (w0 B pao 2> 5l Jiuw Bran wleluw ;3 aS (uld 55l Vlgy WL S5l Bran ;3 ug> W90 Sl
2,8 Wi |y g v wali aSiw 5l I wlelw 5> aS | suld S50l 5 9 900

0d b 2y Ul 5l axly oo aSis9.0 5 il (o W JusS 09 9 calicing 5> 5SSl S5l Brao0 ox0c
33,5 o Ywgols (sulbg, Sla €l aulS 9 oaw yugols JusS

o 0 pubaii loyi Sles @ |, axly Sles 9 03,5 LIS g9, J1gS 9 i uwo 5l o> cuclw 5>
lw,

a>,> 5 ax>lg Slos U sS 9 9 3,15 1,8 swols 03L 55 a>lg Slos a5)ls jea> 3>y )y aaSiw aS ilelw s
gt o S 58395 wjg0 a4 d wley ol o pulais

a8,0 cap> csulos S @olip 5 9 3yl5 ;L5 axlg O (sl 0318 JyiS LLisl s alg 4o Sl JusS o8 JyiS
Bles (o 8l S350 51391 o0 5l 1) S5l ug>

Uloisbw Liowin9d Cayypdo picwaw DI 1 w0

—olaislos s ,ol> 3,8l sl slho (shaeo sl

ool auto yoe Ganls8l 9 Whiapz 5l Aiapy 03laswl—

>8dac (siloj Siuy Wby wubB- b (3JyiS piww ail)l

S5l a0 53 sug> W0 9 Silw Aingi— 9 S)l1pS0 @ bgsyo S Ay pSeuinz JudlS

Olais L cswdls H5kows @ 5L pac

i yiigl— b 9 PC Sy b 5l JyiS e blas (swolod JyisS 9 Sigygisile wlSaol

on 3l 5Sidld pac 5l il WMSLiw 59,0 9 J31 UlSel 9= 03,58 Sidlod w)gas wlipxi ploi « Uloxslw Sjlw ax)lSs @ asgi b
39) LW

>,Slac 9 Bya0 oS3bw Aispy sshio @ pil 5,Sloc 9 Wliup csolod 5l Sylol S iyliS— 08,8 Vsl
Uloisbw Lo 9d Cupdo pucisw ylbg

)5S0 lunwliz Ui guse 0 diod) S0l 5Suile Wl Jyis
Josuliciigy— S i JyiS Giuse 0 dlid) (ulinis, S piwsw JyiS
J-essho ages S i 4 i) ggdno iges JyiiS

Yi> pMel piwn JyiS s @ i) 393 iS5 8o, pMel pinw
Jabla> g 55,5 JyiuS yuso @ dlid— (whle> g 33,5 J,us

Uobﬁ sla ULo)' 2 Lm)g_mJLwi [GYSVAV.]



5l 5303 b g . aigieso w9 5L lilogil job @ cauiije> woses eolb L (08,0 Sladosy *
Ulol ;> Wliewwlb s LBl 51 U auSsw Sh)y aolin ) d 05,y «(Jlw wlizeo SUle; Sy (Ul
s |y osleiwl iSlas Uliows; )5 g 3561 Us Sbo,S 5l aSisdl> s oy

SlpsoV (Jled sitiol picipw oS> ey 0,68 b Jiwd Jiiw 5l 29> J> 5> aSuilo; *
0851 0S5 — gl il By wliupx 5305 9 Ywsols Los pubais picwsw (Jugols 5bi 3590
wVob cod a5l Jsio 5l 293> Oloj 5> s o3V Gl by 33,8 0 gl ... 9 U3l
) DS o_sLé.x_w|~g6.l.xzo Sd couwd 5l Vbbbl Sl 395

Ugols 3l (oS b 29y pBud 5> 9 by syl @ lpelyx (3Ll @y Lowis 59,9 Uloj *

wdwgo Slao b oads s S Slpiclw 5l oslaiwl S v vani Hlaw pKd *
51 035 (530,35 39,VU 545 9 B oV 95 9 buzeo Slos (s 35 w391 L g UL adMe 5,90
Dgabso Hlaw Olgs

33,850 Sl (Sloiaw ,> 39290 3axi0 Sldwges; LSl by weoy, &y *

Sl 23900 1dlgs> JyiiSg e | ulidiio )5 359>90 Oljup=i 9 WLKKLl aod 595 ol 51 *
ool b oyl aewy au awlgicswo caisowd OWMudaei ) Jioungd Ul Sl aSulboy Jlo
) 85 Olispx S Jl=d 5ue b g Jld 1) 515555 03900 JHiiS 1) 393 Jjio csiwiol o9
Si0y00Uy 1) 395 sSils Slosw (Ads i | Jiio (sulindig) Cumoy S oodig) b Gugols
Sy b8 g UlSsl Ulla 9 aisS

owl oous awlsy Jgl o8 pwilw s 3o 0L ey @ | looss Jiie wliup=i aod aS.ilo;
Sl 1 (puliScso sioaigd 5, | Ol puwl aS) sazio Slavgs,low Aslgicse low Ol 5l sy
Ldlgi yob 9 d900 Lidlg> 055 eS| lood aS (e, L8, .S wyyei 9 (s>lib 593 Jjio
Cowl Hgaio suldeuld ax ylosgos oslaiwl o)lgod aS (siljup=i 5l 5,5



(2ia s jlailic) g JSTg g

*

X-10

wwbald Jglasw Slas,lasbiwl
EIB

Z-Wave

BACnet

C-BUS

O Nogk~whE

X-10

X10 S39d9iS5 udsl Ulgicay domotic S i bhawgi YaVo JLw > Pico Electronics aS s gl sl

4 s ,wlirw 55 S58JeiS5 ol 5l 03950l L ailiosw 2iao WOS58)9iST ul uyin S5 Ulgicay pd 90
AL ahiw s wouisS LS U g prwl Sl aSi 5l oslbiwl UlSol aS ssdlgo ,5 Losas (Field) sg>g
53,5 sw oslawl 5l

X10 puw b 51 0bs ol U LB 50w S5 Ugewlogil Wlgsl adawe UlSol aS wow bbbl Ol el
S B 95,8 a3 @ (S5l 305 Vol Gl b iS58 5 bloyl 203S0 b Jiio )5 59>90 (S
S0l 9.591 Adlgz Ugiwlogil (Shyy Jjio 15 dazo X10 SIS 0l Sl Ugwlogil 5> aS cowlpluw

5.8 wwoyly8 oslaiwl 5y0 oo, aS oo el Syal B9 ol sleacel S8 550,18 ¢ oslaiwl wlgpw
YV S,wV/50HZ JI> 55 5)9ld ol 36 1S aod v yuw adgi bg,l 5 oslawl cap> 50 wlgsl ol

Libwo 3w bewl 5y GiuyiwS Js )y Lol

L= X10 vg= TSl Ugawlogil Slping; wlw 5l 5 Lguxo:

- ol @9y (S5l 5> (e A9y S Solaidl ) .

- 2ilgo Gl LB (siluwl a4 g 0391 Jaiwo (Slpdosle gy

- 5,1y sl oslell Bgd S8,

- Cowl Ulwl Hleww Ol Cuai.

- 5 Sl ua Uloj 9 ausd Judd oy 9 @il Ulesslw > daxo suisS puw U s> lus .
- 260 gl Aoy ol 53 (segiio WVgazo Lis 55 (selizeo LBALS g

- 35,50 Wl )5 sl szl 9 S50, 8 wlapw  Ulowil) Giwl38l ccl.

JSign 5> sd> Lwysl X10:

3 w®> gyl X10 wlwl 5 house code g unit code aS sg.iuwo polxil house code | A U P sl

9 w>lgi elSasunit code (S SaudS (31 Jlio Ulgies wcwl @b 1o Slpdgile elSai slu V16l b
ol Shy o yisS ooy D8 il oauis wyyei pwysl ol b aS (silpdojle aulS il oais pudais
Baoli L Ugaine Uugols g g, JS ol wgi house code g unit code 5l oslaiwl USLI256 g Guw)sl
Wloiao pdl)d Jiio b 5> 1) (sdyiS Jgsle Yo gulall.

Sledgsile X10 §auiSiwo LS @igS>

Syl 9 03bw Ol X10 (sSyuSUl (Sgyw Jlisl bas (Sgy Galiilde b JUSew 8l 9 Ll Sbao 5
YY+V AC/50HZ Slpdasle cswlod .ailus X10 Juaio loss aGls 9, bghs a0 aS Jiio 55 63us s

ol 659, 1y 593 Gyl aS ad a0 Ewl JUSw ol 4 (sdojlo asd sy siiano | JLSw ool diiliso
o S, oniiaw,d el 31 Jlo Olgisy X10 Glo,d "A3 ON" Luw,sl b aS (sdojlo «aulos JLw,l I, A3


http://www.autoir.ir/page.php?id=482#2
http://www.autoir.ir/page.php?id=482#3
http://www.autoir.ir/page.php?id=482#4
http://www.autoir.ir/page.php?id=482#5
http://www.autoir.ir/page.php?id=482#6
http://www.autoir.ir/page.php?id=482#7
http://www.autoir.ir/page.php?id=482#8

LT colos ey 0200 3 sl ol b Jgilo 2y 5 iawr 5o 53 ST 59uiane oiog) ol 034D g5
Bguirao 9y JUSuw ol Jgog 51 pange

Lwlwl X10 593 Uil 59>90 (siisS o 159, bo aS cuniVgazo 54 9 wsbli| JSign &b oU
ol S 51850 blosl 3010 b (saiiSiogw 3" el 5 b slplSw H94c JH)JO/)' U ,QMS-»O/M
35138005 Sl gud Jyio 80 Jlwg 550> Se, eIl

* 5S0iStliWg aS e Jlw,l (sidy LpIUSewV U (sS0,aSdl 0ly> wser weliio Judau 58 Gl ecwl
Sl oauiiw)d ik S pduo Wyge Al 53 JSuw 00 welis X10 15l S S5V Jluw)l s sy, |,
S 05,8 wlel . aloiwo X10 393> 55 S5Lg100mMV 31 cdls cul 5 .0l 5k wansw Jled cap> |
Gy lgsiiw oo Agps (JuSled «s8y 951> Ao 8851 Juliwg 505 5,518 5l Jeol> sug5 o (S,
oslaiwl s ol 5y 3 Lpdgsle 55,558 wds pac el wowl Sow (auwl awls d9>9 Ugysugli 9
S ,ili99,S00 9  ild 51 X10 slpdgslo 5,551 5 labowl 4> s aiwlexb S ue yudlS cel X10
5940,

Device Module Wb :

SlpaoV Slys 590 S350 (vl (sadlio Sladgslo sg-ir JyiS csiianl aS )b @ awy
|, oV Ul oS b Sladg;lo il .33,5 oslaiwl dilgicsw sugusly Jgilo b g ol Jgjlo el (sJgoso
Olgor+ U2 w S)bg )l | osulro aud Ldgsle cul aleicsw 599089 95 b 9 Uivgels 9 (g,
Agloicse JyiS |y, Jbio SIa oV b g i 9ld Jio (sgamo Sl 5l e (suld,b oshu( 5,Las
ool 89 Jblwg Jgjle el g i wowlio oV Sladgjle (sSuig,SIl Jilws b g (g2)w sl

a;, &bl Llwe ws)S Lugols g g, wp> WUg5le (ul >gi Q.}LSSJISCL_; Impulse .aiuloiswo o3laiwl

10 350> U S slis Sl pmol 51 @S csolwg JyiiS oSl WLE Ldgslo ol oslaiwl auloiose oslaiwl |,

BV WV V.

1l gl Jgile S| csusy .audscse @bl wslaghio JyiS ol 1, 5,505 wolild dsslo 51 sl

@ Loows 2ol 3L aSiyl Uy Sguiesw Ol UaLh gy el ol b oSiiws wslol adS Us)S (g,
0aiS JyiS 0w €w X10 25, 1) et ul oS)lgus adS sladgjle cwl ,S5 @y o3V . 2ug 0.

Jsazo oV 1S by Vaamo .)ls csdzo 595 Us,S S el | (sihB S)lars 1S Sladgjlo s
wsly 5Lad adS cul 5> g WSS J9 w9 490 S bl U sudssw US)S iugols 9 (uig) wulud hhad
390 59330 9 )93 oY S s s el (5855 S GilsaSs .

SlpaoV (Sl 590 S350 (il (salizo Sddgslo s9.d IS (il @S S)b @ aiwwy
|, ol JUly eloS U sladgilo cul -55,5 oslaiwl ulgicso wsugssly Joilo U g caol Jgilo 2l (slgaso
Wlg 0+ b £+ Gar 5L 9 1)l 1y osulro @ud Lpdoslo ol - aislaieso 195,059 s9im b 9 gols 9 (mibg,
Aloicswo JyiS |, Jbo Sla oV b g wiw;8ld Jio (sdgose SladcwoV 5l e (suld,b oshhu( 5,0
ool 08,0 Jlbwg Jgslo el 9 s wwlio oV Sladgsle (sSuig Sl Jilws b g (o 5l

al,y &b 5l blwe WSS Gugols 9 uig) wup> WUg5lo ¢l .3g40 aid)S, S Impulse .aulei swo o3laiwl

16 590> b 55 csles Slpol 51 @S calslos J,iiS Sy WLE Lpdgsle oulA oslaiwl sulosese oslawl |,

il gugols Jojle 1 csusy aidseswo @yl (Slashhio JyiS ol 1) 5,505 wulild dsslo 5l oS5l

s boow b 3L aSiyl W dgineswoe Ul ULl g el ol b oBinws (ool adS ws)S (g,
03S J,iS oiws €luw X10 25l ) e ol S)lgus 2dS Sladgile cawl ;S5 @ 03V .y 5.



Jsazo oV 1S &l Veamo .)ls csdzo 595 Us,S S el | (sidhB S)les 1S Sladgjlo s
O3> 5Lid oS ol 55 o W) 595 50 9,95 RS B U aidsso LS)S ivgols 9 gy wulild hrsd
398 )93x 9 )99PS oV aS sgdiso el (5355 AS piLwlsaSs o.

D oS J s :

ol | aid iy Hlown SooaS J,iuS U osbw e Saoass J,iS 5l 1) SlosiwS Hleww 03U
alwg £ JyiS Sy LS cuyiosbw . ugieso X10 wlgicsw aS wlosss (s>lyb:

1) S Ui |y b Jlo>
2) ulos s990 b y9ipS | (ol aliwg )3l
3) wlos Ywgols |, aod b 9 by, | s,

Wlos Lyl 1y rouli ey Giuss aislgicswo b g 03,8 JyiS | oS iy Jiliwg ailgicswo yiasd iy Slad,us
Ldseswo oLl 1) (Sloass puuei Y 51 S, (sismo Slpilojys aS. lphyiS ol 5l ey puizod
oS a4y awlgicsw Motion-detector L, W Photo cell aulos Gugols b g |) dEL> .

aldaol b 9 03 S54,800 5 WolS aiilgicsn aS Aiiwd 3990 30 oS1a0 iy sl Sod,iS ulgs
Slacudled 5l o)l wilgicee Jlwg ool ailes =1 1) Bleswaiig (sl yigaolS &b )> as

L9 ax)lSy wigod | S)18 9 1ol 63wl (o)l Sldjgiow 4 L aid> oll | 0ty Saiole;

9 diglos puaii | wsulivigy edonw (3iS by, |y BEL> Wi (ids plxil aeSs &by Lid... . Slaaol
¢ A 99 W A4S wsuld yiguaolS Sl wsJyiuSApple Macintosh U g  Linux  Guwiaws 5>
.

5l B 03SUyiuS piwuw wul 53+ 20,05 399 w0 8w 0uds)laind Sl piwuw SigleiSs ol 53
Sla Sy X10 Sla jg i 5l Srw b s b agaiso oS puw Salejohny b g 03900 oslaswl
S50 51 iy parzeains 5l sy 00iS JyiS cowl X109 5051 Us s 1oy ddglym ws)S ubgy up>
Llou oslesiwl ...

D wudgixo 9 o bla

L JSCio oy X105 aS cawl aopw aw Slapiww 55> Sl 95 pw ISw wumai (silgl,8
Ol Jled (s3la &by 59 3 oiiwyd 2l 5l pIiSw 35,8 s oslaiwl (sdloois SISy 0l blas 5l oSl
asd Voo .30, ) Vb gusilagel b He5le,98milyi ol sdauwomw b 5l 550 sslaely a ;Lawl
oS JSuino ol 23,15 3929 1505 518 (S, w51 el (So, 5l LIS w JLw,l Sl (silisobl LB J>ol,
el 9 0wy eSelis 9 el Jio 1S o LS wlg Y+ 5Ly b aS (sdiluwg oSly ol

Ve Ll 5o s By 5o aS couldyouisS @y i 51 cuomud Gl 53) e ol L g 9 Givgel>
ol widg L (wwl oanw o)Ll aulosswo,S wdg YE+ L5 Y whgoas Julbwg o3 9 cuwl &g
SlpdiSw Sl 1) pail palawol b Jy &y gsdoso oy olSiws X10 .aiyloseso sl 58 Y s
SIS w H9ue Sk 136 G V3l &y cuai b Vlgicso | JStino (il X10 (slad,> sidiy 5900 88550
s ) osuSngsi ul duloiso waas @318 w | Jled saiiScngss &y « wVgaxo ¢l Sla
SlJlSw Jlail > ¢ 5w aloicsw osleiwl spi By 5l 30 Y whgoas aSX10 5L 5590 W5
Jlois! JSito ol ol loiese oslaiwl 51 25 <y T+ piw by 5l Jjlio LI Ol s ol
3,l26 g939.

550 oMSiine ¢ SlJlSw cwl Sow puewesy Jilwg b ugssueli On L Off siules 3dgi Sjlxe.
Noise Filtering (ol Gicil>aSs )95 a4 Llgicsw (S9ivsw wwai Bo3g0 b d,ig.0lS 5l S)leun Sg, aS



SlJlSow 5l g X10 (sJg aulos oS Noise Filteresly aS suld X100 cowl Sow Ailoain s>l
SIS ew vas il el 593 X10 15 3.

S )00w; 9 BUG L (& )igmolS Jio aid jiny sSuwig Sl Jilang 55 aid))lS0 i gilio (s> Lo
SlpdlSw olgalo X10 ayiei @ilio Sldcssg,g 55 i),y Slousls igos j3bay .aighsw gWasl)s |,
SlpdliSew Sly Jgi 956 s 0ligS Jlail sl o g (il X10 895 cucly ol by 9 000w

ol a5 s psle) bowgi oawadei SlIliSw Bis (sis 9 piww Ol lwgi 0w adsi Sl w
SIS w Uaow, 5l &ilo (s> Algicsw aS Aiswad Lwyiawd,d (sl ,ild b adlgs X10 uis @
> wogao Wbl Guix i el g 15,5 uldoliws X10 39,0 Gw .

SaoauSUyiuS s>y X10 b ascsbacalsy csuwlio 5,Sloc (lg 04 505) Gwl Savlgs )> ailgicsos
JSeino 25,5l (Sl wsioglin b aS W cuinw,eld Jio (sbilwg U wsi> b g 5,5 aidlgss )8 Vol (si>
el 558,80 i ausles 3Lw Appliance Module &l slxy Lamp Module g4y |, & MSiiwe caows ol
Sg00 Adlgs.

SpIiSew X10 JUSw 95 alazd by 55 531 ailes bl Oloj el )5 1) Hgiws &l aiilgicso bradX10

sly dlgss Vlin 1) wowbo guwl BoN S 9 030l 59> S g Jluwl.

How X-10 Works

The method used by X-10 is based on a simple data frame with eight data bits (one byte)
preceded by a predetermined start code.

X-10 Transmitters and Receivers are synchronized to the
ZERQ crossings of the power to which they are wired.....

/N\ /N

....50 the transmitters know when to send data
and the receivers know when to look for data.
Contrary to what youmay have heard, X-10 units can't t2ll the difference

between posiive going zero crossings and negative going 2ero crossings.
Figure 1

The complicated part of this technology was not the system of binary data, but the method in
which it was transmitted from one device (the transmitter) to another device (the receiver). The
key was for every device to have an integral "zero crossing" detector so that all of them were
synchronized together (figure 1). A receiver opens its receive "window" twice each sine wave
(figure 2), that is 120 times each second or 7,200 times each minute. (ThatA’s 432,000 an



hour, or 10,368,000 a day! That means itA’s looking for little pulses of data 3,784,320,000
times a year !l....at 60Hz, anyway.)

Receivers “sense™ the 1° point and then look for signal
in a small window only .6 milli-seconds in duration.

(Same here, ton,)

"
1 e

¥ Ta
[
- ~

Every time -
there is no ...and close
voltage. . them .6ms

wthey open ..

their eyes...

Fisure 2

Since these devices would not have any direct wiring between them, it was necessary to devise
a way of sending the data over the existing electrical wiring. The actual binary data is
transmitted by sending 1ms bursts of 120kHz just past the zero crossing of the 60Hz power.
(While North America remains the primary market for X-10 based devices, products are also
available which are designed for use on 50Hz electrical distribution systems.) It was also
obvious that complementary bit pairs were necessary. Therefore, a binary "1" was defined as
the presence of a pulse, immediately followed by the absence of a pulse. A binary "0" was
defined as the absence of a pulse, immediately followed by the presence of a pulse (figure 3).



What the receivers are looking

foris a little short burst of a These pulses of

wery high frequency (well, it's 120kHz look like little

“blocks” compared to
the 60 Hz sine wave.

high compared to the 60Hz)....

Y ¥
| | -
|

N N A
A binary “17 'II And a binary !
is a puise... f “0™ is the /
! absence !
. Jollowed by the a PLI-IEC--:.F Howed b /
afsence of a pulse. followed by . .
a pulse. Figure 3

While the transmitted pulses were to be a full 1ms in duration, the receivers were designed to
open a receive window of only .6ms. That allowed for the loose tolerances of the 1978-era
components to "slop" plus/minus 200m sec.

In order to provide a predictable start point (figure 4), every data frame would always begin

with at least 6 leading clear zero crossings, then a start code of "pulse", "pulse", "pulse",
"absence of a pulse" (or 1110).

For the receivers to know when to “Start”,
every data string begins with a “Start Code”.

N AN
VIR YAIY

- 3 Pulses....”

/ ...followed by the
..and it can begin on the positive or négative going zero crossing.

absence of a pulse,

Figure 4



Immediately after a “Start Code”,
a “Lefter Code’ 15 sent. (4 cycles)

A=0110 | E=0001 I=0111 | M =0000
B=1110 | F=1001 J=1111 | N=1000
C=0010 | G=0101 K=0011 | O=0100
D=1010 | H=1101 L=1011 | P=1100

Once the Start Code has been transmitted, the first nibble is sent. (If you are not familiar with
the term "nibble", that means 4 bits or half a byte.) In order to make it easier for the
consumers to operate the devices, this first 4-bits were given "letter" code designations (figure
5). It was also decided to randomly rearrange the patterns so that the "A", "B", "C" codes, etc.,

did not fall in the predicable binary pattern. It is easy to see that in reality, the "M" code is first
in the binary progression.

cand immediately after the “Letter Code™
comes a “Number Code”. (5 cycles)

l—
Letter Code L Rl

~ Bytheway, I start code + 1 letter + 1 function = 1 “frame”.
1=01100 | S=00010 [ 9=01110 | 13 =(Iﬂ[ll)'l]§
2=11100 | 6 =10010 [10=11110 | 14 = 10000/
3=00100 | 7=01010 |11=00110 | 15 = 01000
4=10100 | §=11010 |12 =10110 | 16 = 11000

Figure 6

In one contiguous bit stream, the second nibble provides the second half of the address (figure
6). The last bit appears to be a part of the "number" code but in reality it is a function bit.
Whenever this function bit is a "0", it designates the preceding nibble as a number code and
therefore a part of the address.

For purposes of redundancy, reliability and to accommodate line repeaters, the X-10 protocol
calls for every frame of data to be transmitted twice (figure 7).



A standard X-10 transmitter “should’ routinely
send the address data twice.

2 4 5 2 4 3

'| A |'ﬂ|| !I|"'|I ‘r'| i |". |'"ll I|"|I 'II. If'll J"'II "ll ﬂl I|“II | |'| I|"'| ‘fll || -I I.'I.I .Illl I|. b If-ll
AR VRN U VR R DA wu

1§
T Mumber Code Start Code ] ‘
Letter Code Letter Code
Start Code Number Code

Each eleven cycles (one Start code, one letter code and one
function code) is known as a “Yirame",

Figure 7

Whenever the data changes from one address to another address, from an address to a
command, from one command to another command or from one command to another
command (figure 8), the data frames must be separated by at least 6 cIear zero crossings (or
"000000"). When teaching classes in this stuff, I often say that this gap "gives the receivers a
chance to catch their breath". In reality, of course, the sequence of six "zeroA’s" resets the shift

registers.

Any Address Code must be separated from any
Command Code by a buffer of at least 6 zero crossings.

AWAWAWA
VMV V

{at least) 3 cveles of silence,
Two frames Aand (mod likely)
of address data two frames of comummnd
is that way.... . data is that way....

Figure 8

Once a receiver has processed its address data, it is ready to receive a command. As before, all
data frames must begin with a start code. Then the following nibble gives the letter code (figure
9). The next nibble is the command. Slnce the last bit is the function bit (bs = 0 = address
number, bs = 1 = command) all the commands end in a binary 1.



Then another “Start Code”, fullowcd
by another “Lerrer Cndz g

YA \/\/\

Fulse, Pules, Pulse, Huthin'

“Start Code®
A=0110 | E=0001 I=0111 = 0000
B=1110 | F=1001 | J=1111 | N=1000
C=0010 | G=0101 | K=0011 | O=0100
D=1010 | H=1101 | L.=1011 | P=1100
Figure 9

This diagram (figure 10) only shows the six most often used commands. A later graphic will
illustrate all the available commands. As before, all X-10 protocol transmitters send their data
frames twice (figure 11).

As before, the X-10 transmitter “should’ routinely
send the command data twice.

2 4 5 2 4 5
ARAAARARANAAQD ﬁ,l"ill'xm".f WVAAAARA
VULV VVVY VYV VYUV UUU”L'JL'

Command Code Start Code I l
Letter Code Letter Code
Start Code Command Code

Each eleven cycles (one sart code, one letler code and one
funciion code) is known as a “fFaie”,

Figure 11

... Then comes the the
“Command Code”. (5 cycles)

AW AWAWA
AVARVIRVIRV

y,
V.

Letter Code | “ONT
On = 00101 All Lis On = 00011 Bright = 01011
Off = 00111 Al Units OFf = 00001 Dim = 01001

-...and there are & other commands but they are rarely used

Figure 10



Figure 12 shows that an example transmission of two data frames (A1 A1 A-On A-On, for
instance) would take 47 cycles of the 60Hz sine wave. That would equate to 0.7833 seconds, or
in practical terms, just under 1 second. Of course, some commands take less time. When
sending an "All-Lights-On" command, for example, no address needs to be sent. Therefore the
entire two frame sequence takes only one third of a second (actually, 0.3666 seconds, but
whoA'’s quibbling). If your receivers react on the first frame, it could take a mere two tenths of a
second (0.1833 seconds).

A standard X-10 transmission takes place
over a duration of 47 cycles of the AC power.

2 4 5 24 5 3 2 4 5 2 4 5
T VARRARAAARARAARAR i
VvV VAYYY .I[L' vV 'ine' vy 'Ji."e v
LY *
\.\ \ Pause / /
AY \ * Numiber Code Start Code
Y Letter Code Letter Cade f
" Start Code Command Code

Each deven cycles (one start code, one letter code and one
function code) is known as a “fi@ne”,

Figure 12

Up to this time, all the diagrams have shown only one pulse but that is not entirely correct. | did
that just to make it easier to explain. In reality, it is not a "single phase" world. On this planet, we
generate our electrical power in 3 phases (figure 13) and so all X-10 compatible transmitters
"should" send out 3 pulses (as in figure 14).

All Electric Utilities generate
electric power in 3 phases.

Figure 13



So instead of sending only one
pulse all X-10 transmitters “should”
send 3 pulses per half sine wave.

Figure 14

Finally, | promised to give you an “introduction” into X-10A’s Extended Code Protocol. IA’'m
going to take the easy way out and just give you first a graphic showing all of the available bit
sequences in the X-10 standard code. Instead of making this just part of the text of this article, |
have made it a graphic so the word-wrap feature of your browser wonA’t screw up the
alignment.



#-10 data iz usually sent in standard length "frames" each beginning with a start code
designated as ™1 110" The next 4 bits represent a major group category and the
following 4 bits represent either a unit designation ar a command, the selection of

which is determined by the last function bit. Every data frame is abvays transmitted
twice (as illustrated below).

%.C. L.C. D.C 3.C. L.C. D.C.
11100 0 000000011100 0 000 a0 00 * Thisisthe string without
: + 5 + . + * : + ' caomplements.
GE:; : L Duplicate The string shown is
o5 L2 @z T Frame. "1 3" which is M=00005
2e 82 2£ © and 13p=0000,
] (13 .
= ﬁ - m = S Function Code
L% = == = = ‘g selects number code
zx ¢ = F or comrmand.
<L A 1= Command ﬁ
; 0= Mumber
E ggg? 13 0ooo ALL UNITS OFF qooo
Co00Lo 5 0001 ALL LT3 ON qgool
E 0011 : 3 0010 UM polo
0 o100 : 11 001l OFF po11
G 0101 i 15 0100 DIM qglon
! 7 0101 BRIGHT plol & " .
101w | 100 AL LIGHTS OFF owlo gogunnd St
N 1000 L TR EXT CODE 10 0Ll oy
F 1001 1;1 igg? HMII:IAIEDEEET igg? Y Farmally "Preset Dim (1)",
E igﬂ : 4 1010 EXT CODE 3% 10ln hiwy designated for security
P 1100 : 12 1011 UNuUsgDp- 1011l [nessages. _
H 110l : ls 1100 EXT CopE 2@ 1100 D-Fnrmally"F’reset Dirn (3",
E 1110 g 1101 STATUS o llol - Formally "Ext Data", now
J 1111 2 1110 STLTUS oFF 1110 designated for meter read
: 10 1111 o sTaTUs Rgg 1111 and DS,

To improv e reliability, every bit is sent with its complement {as shown belowh
11100101010101010101011110010101010101010101 % This isthe full "pair” string,
12345678900 12345678 9nn < #Fopowerling cycles

Almost everything | have said since the beginning of this explanation can be summed up in this
one graphic, but arenA’t you glad | took the time to explain it?

You will notice that there are some changes in four of the command codes.
e Ext Code0111- Now designated as "Ext Code 1", for data and control
e Preset Dim (1)1010- Now designated as "Ext Code 3", for security messages

e Preset Dim (2)1011- Now designated as "Unused"
e« Ext Datall100- Now designated as "Ext Code 2", for meter read and DSM

As far as we know (at the time of this writing) only "Extended Code 1" has a defined frame
length which is 31 cycles (62 bits) and is described as:

e Start Code = 4 bits,



e Housecode = 4 bits,

o Extended code 1 =5 bits (01111),
e Unit code (device code) = 4 bits,
e Data = 8 bits,

¢ Command = 8 hits..

The explanation for not having a defined frame length for the other two is:

"Extended code 2 is variable in length, depending on the type of message. It has its own
separate "attention" marker to separate it from all other formats.

Extended code 3 has been "assigned" for security but doesn't actually exist yet so its format has
not yet been defined
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Building Electronics & The EIB System for Home

system, which The European Installation Bus (EIB) is an open, comprehensive
Is similar with the covers all aspects of Building Automation. This protocol
.BACnet protocol and is manage by EIB Association

management system in the The European Installation Bus (EIB) is designed as a
switching, environmental control and field of electrical installation for load
.Jbuildings security, for different types of

functions and processes such Its purpose is to ensure the monitoring and control of
ventilation, air-conditioning, load ,as lighting, window blinds, heating
.and alarms management, signaling, monitoring

supply from the The EIB system allows the bus devices to draw their power

V mains). Other YY) communication medium, like Twisted Pair or Powerline
from the mains or other sources, devices may, additionally, require power supply
.media as in the Radio Frequency and Infrared

Temperature Brightness Passive InfraRed Monitoring,

Seni‘;ﬁr Sensor Sensor Control Unit
¢ 2 1l @
v
EIB
Power Supply

AT I ITETE e

5 H— I F'T H 230 V

" B dE

J

Heating, Ventilation Window blinds Motor Control
Air Conditioning nghtmg Control Control




Figure 1. EIB network protocol that link together domotic elements

Main Features of the Bus .Network Topology

for Installation Bus is designed to provide distributed technical control The
serial data management and surveillance of buildings. Therefore it provides a
also operates as a transmission between the devices connected to the bus. It
.above applications compatible, flexible low-cost system supporting the

bus. This bus can be EIB is a protocol that manages devices placed into a complex
structure of buildings and houses. The divided in different trees that fit on the
.could be connected is 65’536 maximum number of devices that

but decentralized system The Bus system is usually implemented as a

application centralized ,nevertheless it still allows, whenever it is required

within the devices implementations. Decentralized management is implemented
communicate directly to each other whether they are transmitters or receivers, they
network supervisory device. This type of without recourse to hierarchy or

.highly flexible management makes the system

Temperature Brightness Passive InfraRed Monitoring,
Sensor Sensor Sensor Control Unit

’ﬂ 1.
s 2 B
B e -

EIB

Applicatio
Controller L
P ' M“mu
— W | SRS
U l l

Heating, Ventilation, Window blinds  Motor Control
Air Conditioning  Lighting Control  Control
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Figure 2. Centralized system
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Figure 3. Decentralized system

management mode. An The application nevertheless allows for a centralized
.anywhere on the bus Application Controller (ApC) may be positioned on

medium EIB Medium Access Control (MAC) is highly optimized for each
combination of individually. Available implementations further optimize for a
MultiMedia ) EIB.MMS ,(Infrared) transceiver performance and cost. EIB.IR

,(RF (Radio Frequency.EIB ,(Powerline EIB.PL ,(TP (Twisted Pair.EIB ,(Services
(Automation Networking) net.EIB

Bus Coupling Unit and EIB Bus devices are generally built up from two parts: the
the building automation. The Bus the application module that manage processes in
manager in each device and provides Coupling Unit is a decentralized bus
coupling to the Bus, in order to allow the electrical features as well as data
hardware and software from the Bus communication separation of application
.module manages the process in building or house system. The application

of one or more The gateway represents the bridges between different segments
consist in the connection of networks. These gateways realize two roles. The first
routing the telegrams and the second the two segments of networks sometimes



protocols that manage the data transfer in the whole consist in the adaptation of
.system

external networks. An Installation Bus System may be connected via gateways to
the main line itself or the any ,This connection may be done either at the backbone
-are other line. Examples for such gateways

Data over voice

Analog phone connection

ISDN connection

Field bus connection

Connection to mainframe computer .

° .M .4 .‘( -

transmission of data The information exchange between two devices is achieved by
every medium, the message packets. Each data packet must be acknowledged. For
.frame looks similar like the figure bellow

- 44*-»‘/';“—7'_'—‘ — — - o — —
DELAY CHARACTER ... CHARACTER EOF = CHARACTER  EOF
DATA PACKET ACKNOWLEDGEMENT
TELEGRAM

AnFigure 4. EIB Message frame

specific Some media will precede or follow this message by some medium
error correction sequences, characteristic for its medium access control or
.mechanisms

CONTROLFIELD| | SOURCE ADDRESS DESTINATIONADR | LENGTH | | LsDu | CHECKBYTE
DATA PACKET FIELDS
Figure 5. Structure of an EIB compliant telegram

:The data packet (see figure above) contains the following fields

Control field o
Source address field e
Destination address field e



Length o
-LSDU (Link Service Data Unit) - info to be transferred
Check byte

other urgent message, In the case, for example, of failure detection message or any
be assigned to the transmission of the EIB system allows a transmission priority to
.the data packets

in normal Alarm messages may have priority over all other messages sent
priority than normal operation mode. Retransmitted data packets have also higher
.packets

is play by the mapping of devices through An important role in the standard EIB
.detailed in the next paragraph the network, which will be

Mapping of building / home devices interconnected by the EIB
network

EIB Bus devices connected to the Installation Bus can be addressed using two
:modes

Physical addressing .\
Group addressing .Y

devices included in the The mapping of devices represents an application of the
device is identified by a unique network on a part of natural numbers. Every bus
.should not have the same physical address physical address. Two EIB Bus devices

line and EIB Bus device ,The physical address (see figure 5.5) consists of a zone
The source address field always .number; it corresponds to the device as a whole
physical address is only used as destination contains the physical address. The
programming and diagnostic operations (connection ,address for initialization
.System access mode transmission). This corresponds to a oriented

Source Address Destination Address

y. v y. v ./ P g s ) . o 7
2 g | F F 2 ’ 10 U 1 4

Zone Line Address Zone Line Address




Figure 6. Address structure for source and destination of telegram (system
(accessing mode

A
| | Connection (t=) 10,14

—
—

of Bus Device

Physical Address
O (unique Identifier)

Figure 7. Connectivity between different elements using system-accessing mode
through EIB

Functions of EIB .Group addressing corresponds to the normal operation mode
controlled by only one message Bus devices belonging to the same group may be
Functions however, may belong to several .sent by a "source" EIB Bus device
.independently by every EIB Bus device of the group groups and may be activated

—lr_lﬁ_l _lflﬁ_l

Zone Line Line Group address

Figure 8. Address structure for source and destination of telegram (group accessing
(mode

sensor can only The group addressing is a logical link between bus devices. A
receive several. The group transmit on one group address and an actuator can



allows to add a bus device in a very simple addressing gives flexibility by means it
.to the correct group address way, just by connecting it

Figure 9. Connectivity between different elements using group-accessing mode
through EIB
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