FM pagwo c aucnneem WH1602 Ha ATMega8 n moayne ¢ RDA5807M

C KHOMO4YHbIM ynipaBJyieHneM u C KOHTpoJieM NUTaHUA.

Mporpamma ana MK ATMEGAS, koTopbit paboTaeT Ha YacToTe BHYTPEHHEro reHepaTtopa 8
Mru. Bepcus nporpammel: WH1602 & ATMega8_v8.3_enc
OcHo8HbIe hyHKUUU npo2pamMmbl:

Mounck Hy>KHOW CTaHUMK Npu yaep>xaHnum ogHon n3 kHonok CH+ unn CH-.

[MonHoe BbIKNtoYeHNe rpoOMKOCTM Npu yposHe pasHoM 00.

MNepexon B pexvmM aBToMNoMCKa NPON3BOAUTCS €CNu nepen BKNoYeHNneM nutTaHus
HaxaTtb 1 yaepxusaTtb KHonky CH+.

Mepebop cTaHUM, COXPAHEHHbLIX B NAaMATU MporpamMmm BBEPX U BHWU3 MO CMUCKY, a

Takke aBTOMOWUCK CTaHLMI BBEPX U BHU3 NO AnanasoHy kHonkamu CH+ nnn CH-.

OnosHaBaHWe Ha3BaHWs CTaHLUMKM NO €€ YacToTe Npu aBTOMNOUCKE.
BbiBOA4 Ha MHOMKATOP YaCTOThl MU HAa3BaHUSA CTaHLUUMN.

Mogoepxka BbIBOAA KUPUITINYECKNX 3HAKOB.

3anucb nocnegHemn YactoTbl HacTporku B namate EEPROM.

Mpwn BKOYEHUN HaYMHaAET paboTy Ha COXPaHEHHOM YacToTe C NpeablayLmnm
YPOBHEM FPOMKOCTM.

PerynupoBka rpoMKocTh kKHonkamu V+ nnn V-,

3anncb YPOBHS IPOMKOCTU NpY ONUTENBbHOM HaXkaTun Ha KHoMKy V-.
3anncb YPOBHS TPOMKOCTU MPU KaXXO0W HAaCTPOMKE Ha CTaHLMIO.
NHaomkaums ypoBHSA rpOMKOCTU Ha auncnnee umdpamm ot 0 go 15.
MHankauma ypoBHS curHana Ha gucnnee 4YeTblipbMs cTonbukamu.
Muankaumsa "MoHo-CTtepeo” cBeTOANOO0M.

MHankaumsa ypoBHs 3apsiga 6atapeun B npoLeHTax K MakCumManbHOMY.
WHankauma yposHs 3apsiga 6atapen B Hanago4yHOM pexXume B BOMbTax.
MoaceeTka gucnnest Npu BKNOYEHUM 1 NpU HacTponke B TedeHne 10 cek.
YnpasneHue cxemMomn NOfHOro OTKIHYEHNSA NUTaHKUS.

PacnpeneneHme nopToB MUKponpoueccopa:

PBO - BbixogHou curHan ynpasneHus NogcBeTKon aucnnes.
PB1 - Bxoa curHana paspelueHuns sbiBoga U 6atapeun Ha LCD
PB2 - KHonka V+ yBenumyeHus rpoMKoCTu

PB3 - KHonka V- yMeHbLUeHNsi [POMKOCTH

PB4 - KHonka CH+ BbiGopa cnegytoLiern ctaHuum

PB5 - KHonka CH- Bbibopa npegbiayLuen cTaHumm

PB6 - BbixogHow curHan BKMoYeHUs NMTaHus

PB7 - BxogHon curHan oTKNioYeHUs NMTaHus

PDO - D7 - Jlunna gaHHbix nHgmkatopa WH1602A
PD1 - D6 - JluHna gaHHbix nHgmkatopa WH1602A
PD2 - D5 - Jlunna gaHHbix nHgmkatopa WH1602A
PD3 - D4 - JluHna gaHHbix nHgmkatopa WH1602A
PD4 - E - Bbibop nHamkatopa WH1602A

PD5 - RS - Cbpoc nHamnkatopa WH1602A

PD7 - Cs. gmoa nHamnkaTop ctepeo-curHana

PC3 - Bxog AUIM ana koHTpons 6atapeun
PC4 - (SDA) - [iByHanpaBneHHas LwnHa gaHHbIx 12C
PC5 - (SCL) - IsyHanpaBneHHas LUMHa TakTupoBaHus 12C



OcobeHHOCTBIO 4aHHOW BEPCUN MPOrpaMmbl ABNSETCH MOUCK HY>KHOW CTaHUMK Npu
yOoepxaHum ogHon n3 kHonok Belbopa ctaHuun CH+ nnu CH-. MNpu 3TOM B HWXKHEN CTPOKe aucnnes
oTobpaxaeTcs yBenMunBaoLLMNCa U yMeHbLUAIOLWWNCS HOMEpP BbIOMpPaeMoro kaHana B TOM
nopsiake, B KOTOPOM OH 3anucaH B Nofb3oBaTeneM B nepeyvHe pagnoctaHumi. Npu nosasneHnn Ha
Ancnnee Hy>KHOro HoMepa kaHana, KHOMKy Bblbopa CTaHUUKM HYXXHO OTMYCTUTb, NOCNE Yero
NPON3BOANTCSA HACTPOKMKa Ha BbIOpaHHy0 cTaHumo. JTa PyHKUMA ocobeHHo ByaeT yaobHa B
ropogax ¢ 6onbLIMM KONIMYECTBOM BeLLaoLmnX CTaHumMn. Tak e angd ygobcTea novcka, MOXHO npu
COCTaBJSIEHUN CrMCKa NOMECTUTb Nepes Ha3BaHMeM CTaHLUUKN €€ HOMEp B CMMCKe.

[pyroi 0co6eHHOCTLIO NporpamMMbl SIBRSIETCS PerynnpoBKa 3Byka HENPEPbLIBHO, a He
noLuaroBo, Kak paHee. [1ns aToro HyXKHO HaXaTb U yOepXXnBaTb OOHY M3 KHOMNOK V+ unu V-. MNpu
aToM BygeT nnaBHO perynnpoBaThCcs MPOMKOCTb 3BYy4aHUs, a B BEPXHEN CTPOKE AUCNNes psgom ¢
NUKTOrpamMmMon anHamuka byaet otobpaxaTbCs YCOBHLIN YPOBEHL IPOMKOCTM.

Mpwn goctmxkeHnn 3HaveHus ypoBHA 00 3BYK MOMHOCTBIO OTKMOYAETCH, OAHAKO NPy HOBOM
BKITHOYEHUM NPUEMHMKA, YpOBEHb ByAeT He HynesbiM, 8 MMHUMarbHbIM (01).

W3-3a TOro, YTo TENepb UCMONb3YETCHA ONIMTENBbHOE HaXXaTue KHOMOK yrnpaBreHns, nepexos B
pPeXMM aBTOHACTPOWKM MPOM3BOOMTCSA B Cryyae, ecniv nepes BKIYEHNEM NPUEMHMKA HaXaTb U
yoepxumBatb kHonky CH+ go nossneHus coobuexms «Autotune».

B namsatu MK 3anucaHbl YacTOThl M HAa3BaHUA pagnocTaHLMiA, BELWAKOLWKNX B MOEM ropoge.
WX nerko MOXXHO M3MEHNTb Ha AENCTBYHOLLME B Ballen MECTHOCTM, HEe BOABasACh B AeTanu paboThl
nporpamMMbl 1 3aTeM NepekoMnMNnMpoBaTb NporpamMmmy.

YTtobbl nporpamma nogxoamna gng pasHbiX TUMOB 3f1IEMEHTOB NUTAHWS, B HEW YCTAHOBIEH
nporpamMMHbIn NepeknoyaTesib Ha pasHble TUMbl ANeMEHTOB NUTaHus. MNporpaMmHbIn
nepeknovartens Haxoantcsa B dpavine User_set.asm. B HéM Bbl yBuante cnegyowimne CTpoOKu:

; YemaHoeumb mun 6amapeu: "1" dns Li-lon; "2" dnsi Ni-MH; "3" dns Alkaline
.equ Typ_Bat=1 ;Tun 6amapeu

30ecb HanNpoTUB KOHCTaHTbl Typ Bat =  Hy)XHO noctaBuTb YUmMcno 1,2 unm 3 B
3aBMCUMOCTM OT TMMa NPUMEHSEMbIX 9IEMEHTOB NMUTaHWs. 10 yMON4YaHMIo KOHCTaHTa yCcTaHoBMEHa
Ha NPUMEHEHNE NMNTUN-UOHHBIX aKKyMYIISTOPOB.

[nsa Toro, 4ToObl NponucaTb YacToTy U Ha3BaHWE CTaHUMIN B BaLLEM ropoAe, HY>KHO OTKPbITb
accembnepHbi hann nporpammbl User_set.asm B nto6om TEKCTOBOM pefakTope, MOXHO Aaxe B
GnokHoTe, HO ygobHee aTo ByaeT caenaTtb B MPUBLIYHOM BaM cpefe nporpaMMmpoBaHns. 34ech Bbl
yBUAMTE CTPOKY BMAa:

.equ Nst = 15 ;HYucrno MmecmHbix cmaHyul

BmecTo uncna 15 nocrtaBbTe CBOE UMCIO PaaMOCTaHLUMI, BELLAOLWMX B Ballen MeCTHOCTH.
[anee nayT CTPOKM JaHHbIX C NEPEYHEM PaaMOCTaHLMI U UX YacTOT, HAaNpMMep Takasi CTpoka:

.DB 140, '"'','R','a’,'d","i",'0"," ','S",'h","a",'’n",'s",'0",'n"," ,0 ;Paduo LllaHcoH 1010

Mocne anpektnebl "DB" HY>XHO BBECTU YMCIO LLIAroB HACTPOWKM YacTOThbl (OAMH LIar paBeH
100 KI'y). 310 YnCcno onpeaensdeTcsa Kak pasHOCTb MeXOy YacTOTOM pagnoCcTaHLmm
npeacTaBneHHON B BUAE YMcna LwaroB U HWXKHEW rpaHnuen avanasoHa pasHoun 870 waros (87
MIu). Hanpumep, gns yactotsl 101,2 MMy nonyyaem:

1012 - 870 =142

[lanee yepes 3anaTyo B OAMHaPHbLIX KaBbl4kax uayT 16 CUMBOMOB Ha3BaHWUS CTaHLUK, B TOM
yumcne npobenbl, NPV NOMOLLM KOTOPbIX Bbl MOXETe OTLEHTPMPOBaTb Ha3BaHNWe Ha aKpaHe.
3akaH4MBaeTCs CTpoKa HyNéM, KOTOPbI SIBNSIETCA NPM3HAKOM OKOHYaHWsS BbiBOAA COOOLLEHNS Ha
avcnnei. Mocne ToYkK ¢ 3anaToi MOET Ball KOMMEHTaPWI, KOTOPLIA NPW KOMAUAALMK
UrHOPUPYETCS, MO3TOMY MOXHO MMcaTb TaM, YTO YroaHO.



YTtobbl nonyunte HEX-thann na accembnepHom nporpaMmmel, Hy>XHO CO34aTb MPOEKT B y406HOM
ANA Bac cpeae nporpammupoBaHus, Hanpumep B nporpamve AVRStudio, 3arpy3nTb B Hero Bce
NCXOAHMKN N CKOMMUMPOBATL NPOEKT, HaXaB Ha KHOMKy Build. CywecTByOT 1 Apyrve nporpaMmmel,
Hanpumep Proteus. [Ina 3ToM NporpamMmbl 9 yXXe co3an CoOTBETCTBYOLWMI NPOeKT u Bam octaértca
TONbKO oTpedakTupoBaTtb dhann User_set.asm, B KOTOPOM Mponucatb CBOM paguoCTaHLuu,
3anyctuTtb Proteus v BbINONHWUTL kKoMaHAay Build All.

Ecnu y Bac yctaHoBneHa nporpamma Proteus, TO Bbl MOXETE, HaXknmasi BUpTyarnbHble
KHOMNKW, NoHabntogaTh Ha akpaHe kak byaeT BbirnaaeTb Ha3BaHWe CcTaHumMm Ha gucnnee. Ecnum yto-
TO Bac He yCTPOWT, Bbl MOXeTe onepaTuMBHO, He npuberas K NporpaMmmMmMpoBaHuIo
MUKPOKOHTpoOInepa, ucnpasutb dann User_set.asm.

Mpu nporpammmpoBannn MK HeobxoamMmo 3anporpaMmmmpoBaTh crnegyowme gbosbl:
CKSELO, CKSEL1, CKSEL3 1 SUTO. (cM. CKpMHLIOT B cTaTbe). [INsg NoAKnoveHs nporpammartopa
B CXemMe npegycMoTpeH pasbém X1.

On_tnlnnunnn-.

OnucaHue cxeMbl paduonpuéMHuKa.

Ha nocnegHen ctpaHuue npegcrasneHa nonHas NpuUHUMnuanbHasa cxema pagmonpuéMHumka.
KHonkn ynpasneHusa nogkntoveHbl He K nopTy C, Kak B NpeablayLLmMx BapMaHTax, a k nopty B. 31o
noHagobunock cagenatb And Toro, 4Tobbl ocBoboamTh NopT C ¢ AL ons nsmepeHns HanpskeHus
nuTaHus.

PagnonprnémHuk nutaeTca OT ABYX NUTUA-MOHHbIX 9f1IEMEHTOB C 00 MM HanpsikeHnem 7,4
B. B cxemy pagmonpuémHmka BBeOEH y3en ynpasrneHnsa NnMTaHuemM, COCTOALLMI U3 KIloYa Ha
nonesom TpaHauctope VT3 1 npoMexyTouHOro nHeepTopa Ha bunonspHom TpaHsucTope VT4,
BkritoueHue 1 BbIKMOYEHNE NUTAHNA NPOU3BOANTCHA KPaTKOBPEMEHHBIM HaXaTuem Ha KHonky SB5S
«Powery. Npu aToMm ynpaensoLwee HanpskeHme gnga knova VT3 noctynaet yepes kHonky SB5,
avnopn VD2 v peanctop R22, nocne yero kntoy VT3 oTKpbIBAeTCS U MUKPOKOHTPOMNep nony4vaeT
nuTaHne. MMKpOKOHTPONNep Nocrne Nony4YeHnst NMTaHns CBOUM CUTHANoM form4yeckon eamHuLbl Ha
BbIxoge nopta PB6 oTkpbiBaeT TpaH3ucTop VT4 1, TeM cambiM, nogaepxmeaeT knod VT3 B
OTKPbLITOM COCTOSIHUW. [N BbIKMIOYEHUS] MUTAHMS HY>XHO CHOBA KPaTKOBPEMEHHO HaXKaTb Ha KHOMKY
SB5, npu aToMm HanpskeHne Ha Bxoge nopta PB7 yepes auop VD3 6ygeT 6nn3KMM K TOrmM4eckomy
HyM. Ha 3To MUKPOKOHTPOSNEP OTpearMpyeT TeM, YTO CHUMET YNpaBnstowee HanpskeHne Ha
6ase VT4 u, cnegoBaTenbHO, kitod VT3 3akpoeTcs U nuTaHne NpuémHuka 6yaeTt OTKYeHO.

Ouogbl WoTTtkn VD2 n VD3 cniyxaT onst pasBasky Lenemn BKNHYEHNS U BbIKITIOYEHNS
nutaHus. MNMpu gaHHOM HanpskeHUn nuTanns (7,4 B) MOXXHO NpUMeHUTL 0BblYHbIE MarIOMOLLHbIE
avogbl, Hanpumep, 1N4148 nnn KO221A.

KongeHcatop C20 cnyxuT ans npegoTspalleHns camonpon3BosibHOrO BKIIHOYEHUS MUTaHUS
B pesyrnbTaTe OEeNCTBUS NOMEX.

HenocpencTBeHHO K HaNpsbkeHno baTapen NoAKNIYEH yCUnnTenb HASKON YacToThl, U
ctabunumsaTtop nutaHua +5 B. MN3-3a pasHOCTM B HANPSKEHUAX MUTAHUS MUKPOKOHTpOMepa u
pagvMomonyns nNpuLwioch yCTaHoBUTL cTabunmsatop Ha 3,3 B 1 npeobpasoBaTenu ypoBHs curHana
Ha TpaHauctopax VT1 n VT2.

Pesunctopbl R16...R18 obpasyloT genutens, HanpsbkeHns 6atapen. [enuTtenb NogknioYeH K
Bxody AL MnKpoKkoHTponnepa Ans namepeHust HanpsbkeHusa 6atapen.



Kntoy Ha TpaH3ucTope VT3 cnyxuT gns ynpasneHus noacseTkon agucnnes. Mon nHankatop
WH1602 xopoLuo cBeTUT gaxe nNpu TOKe OKOSo 5 MA, NO3TOMY MOXHO ObINno 6bl He ycTaHaBnMBaTh
3TOT TPaH3UCTOP, a NOAKMIYMTL NOACBETKY HENOCPEeACTBEHHO K MUKPOKOHTponnepy. Ho, BO3MOX -
HO, pagvonobuTtenu ByayT NpMMeHATbL AUChnen ApYrux npon3BoauTenen, no3aToMy S pewnn Ha
BCSAKUI Cry4an NOCTaBUTb NPOMEXYTOYHBIN KNoY. B KayecTBe Kroya MOXHO MCMornb3oBaTh nobon
HU3KOYaCTOTHbIN MaNOMOLLHbLIA TPAH3MUCTOP CTPYKTYPbI N-p-n. ECcnu e ncnonb3oBaHue Kroya He
npegycMaTpuBaeTcs, TO Hy>KHO BblBoA 16 Avcnnes (kaTon CBETOAMOAHON NOACBETKM) COEANHUTL C
obuen WuHon, a nNpaebln NO cxeMbl BbIBOA pe3nctopa R6 coeanHUTbL He C LUMHOW NMUTaHus, a ¢
BbIxogoM nopta PBO (BbiBog 14 MUKpOKOHTpONnepa).

B cocTaB cxeMbl BXOOUT YCUNUTESb HU3KOM YacToThl HA Mukpocxeme TDA7052A. MoxHo,
KOHEYHO MpUMeHUTb Ntbon apyron ycunutenbs No xenaHuio pagnontobutens. OcobeHHOCTbIo
AaHHoro YHY aBngaeTtcs ynpaBneHne rpoMKOCTbi0 MU3MEHEHMEM MOCTOSAHHOIO HaMNpPsXKeHUs Ha
BbiBoAe 4 «VC». MakcMmanbHasa rpoMKoCTb onpegenserca conpotusnenvem R20, BenmyunHy
KOTOPOro HY>XHO nofgobpaTb B 3aBUCMMOCTU OT HaMNPSHKEHUSA MUTaHUS U YPOBHSI BXOAHOMO cUrHana.

Mpn nepBOM BKIMOYEHUN PaaNONPUEMHMKE, He0BXO04MMO OTPErynuMpoBaTh KOHTPACTHOCTb
n3obpaxeHnsa Ha gucnnee npu NoMoLLmM nogctpoeyHoro pesuctopa R1. MNpu HenpasunibHOM
yCTaHOBKe 3TOro pe3ncropa nsobpaxeHue MoXeT MOMHOCTLI0 OTCYyTCTBOBATb.

YT106bI HAMKaTOp 3apsga 6aTapen paboTan npaBunbHO, HEOBXOANMO Kak MOXHO 6onee
TOYHO M3MepPUTb HanpshxeHne b6aTtapeun. [ns obner4yeHns HaCTPOMKN N3MEPEHUS B NporpaMmme
npegycMOTpeH BbIBOA Ha AMCNNen HanpshxeHusa 6atapen B BoribTax. AKTMBMPOBATL 3TOT BbIBOA
MOXHO, eCrnin 3aMKHyTb BbIBoA nopta PB1 Ha 3emnto, Ans yero yctaHoBUTL nepembiyky J1. [Npu
3TOM B BEPXHEWN CTPOKE BMECTO YaCTOTbl HACTPOWKM CTaHUMM ByaeT BbIBOOUTCS 3HaYeHne
HanpsbkeHnsa 6atapen B BonbTax.

[ns yoo6cTBa HacTporku napannensHo pesnctopy R17 nogkntodaetcs 4obaBoYHbIA pe3nCTop
R16 6onbLluero HommHana. lNpun HacTponke Hy>XHO NOLKITHYUTL LIMPPOBOM BONLTMETP K BaTapee
nuTaHmsa n nogbopom pesncropa R16 gobutbcs ogmHakoBbIX NokasaHui Ha npubope 1 Ha gucnnee
pagnonpuémMHuka. HanpsokeHne nutaHusa 6atapen namepsaeTcs U BbIBOOUTCA Ha avcnnen 1 pas B
10 cekyHa.

Mocne HacTporkn nepemblivky J1 cnegyeT yganuTb, YTOObl 3Ha4YeHME HaNPSKEHNS He
nepekpbIBano 3Ha4YeHne 4YacToTbl HACTPONKK. YpoBeHb 3apsaa 6atapen nHauumpyeTcs B
npoueHTax Kk MmakcumanoHoMy. Ecnu HanpspkeHne 6onblue, Yem MakcumMarnbHOe Ans AaHHOro Tuna
3f1IEMEHTOB, TO BCE paBHO, Ha MHAMKaTOp BbiBOAUTCA 3HavyeHne 100%.

Mpyn CHWKEHUN HaNPsXKeHNs1 BaTapen HKe OONYCTMMOro 3Ha4YeHus, Ha gucnnee
nosisnsetca coobuieHune "A battery is discharged”, nocne 4yero nutaHne pagnonpuémHuka
OTKMoYaeTcs.
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