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1. O6wme cBegeHud

1.1. HazHauyeHue

[TporpammHsIii Mogyne NMDL 1o3BOJISIET 3alyCKaTh MPeIBapUTEIbHO 00YUEHHYIO TITyOOKYIO
CBEPTOUHYIO HEMPOHHYIO CETh HA BEIUMCIUTENBHBIX Moaysix MC121.01, MC127.05, NMStick,
NMCard v na cumynsatope monyiast MCI27.05. IIporpaMMHBII MOYJIb COCTOUT U3 2 YacTei.
Onna yacTh paboTaeT Ha MePCOHAIILHOM KOMITBIOTEPE (XOCT) MO/ YIIpaBiaeHueM 64 pa3psiHbIX
OC Microsoft® Windows 7/10 mnm Linux, apyras vacTe 3amyckaercs W paboraer Ha
IIpoLECCOpe BBIUMCINUTEIBHOTO Moayisa. CBsa3b yctpoiictB MC121.01 n NMStick ¢ xocTom
ocymectpisercs no kanany USB2.0, mns cBsizu monyneit MC127.05 u NMCard ¢ xoctom
ucnonssyercs uarepdeiic PCle.

Jlst pabotel ¢ NMDL Heo0X0nMuMOo MpeaBapuTeIbHO YCTaHOBUTH B cucteMe [10 momaep:xku
WCIIOJIB3YyEeMBIX BBIUUCITUTENBHBIX Momyded. Jlnsa paboTel ¢ cumymsitopoMm yctaHoBka [10O
MOIZIEPXKKH He TpeOyeTcs.

NMDL BoimonHsieT 00paboTKy MOJIb30BaTEIbCKUX UCXOAHBIX H300pakeHUIl B CTOOTBETCTBUH C
3a/1aHOoi MOJIeNbI0 HelipoceTH. [lepen 06paboTkol HEOOXOAMMO MOATOTOBUTH JAHHBIE MOACTU
U U300pakeHuil.

Mozens TpeaBapUTEIbHO TIOATOTABIUBACTCS CIEIUATBHBIM KOMITHJISITOPOM H3 COCTaBa
NMDL. Vcxognsie Moaean MOTYyT ObITh mpencTtaBieHbl B ¢opmare ONNX unu DarkNet.
Komnunaropom NMDL mnopnepKuBaloTcsi HE Bce omepanuu, onpenei€éHHbie B ONNX.
Cnucok Tomep)KMBAaEMBIX OIEpaluii W Jpyrue OTPaHWYCHUs TIPUBEICHBI B pasfele
"ITomaepkUBaeMble onepalun’.

I/I306pa)KCHI/IH TaKXKC  OOJI?KHBI OBITh npeaABapUTCIbHO O6pa6OTaHBI ClicnyaJIbHbIM
KOHBECPTCPOM H306pa)KCHHﬁ. TonbKO MOATOTOBICHHBIE MOACIU U I/I306pa)KeHI/I}I MOTYT OBITh
3apYyKCHBI U 06pa6OTaHBI Ha BBIYUCIUTCIIBHBIX MOOYJIIAX.

bubnmoreka npenocrasiseT nporpaMmmusbiii uatepdeiic C/C++.

Hanee o rekcty NMDL (B BepxHeM peructpe) - ooo3nauenue komruiekra [10, nmdl (B HuxxHEM
peructpe) - Gaibl IPOrpaMMHOTO MOIYJIS.

1.2. Pexkumbl 06paboTKKu

OOpaboTka BXOAHBIX IaHHBIX (MH(EPEHC) MPOU3BOIUTCS B COOTBETCTBUU C TpadoM
00paboTKH, onpeneIEHHBIM B HelipoceTeBol Moienu. Kaxnas u3 mojerneid oopadarsiBacTcst Ha
BBIUUCIIUTEIIFHOM YCTPOICTBE - FOHUTE. YCTPOWCTBA U MOAYJIH, BEITIONHEHHBIE Ha 0aze CHHUC
1879BM6A - MC121.01 uw NMStick - nmeror ogue oHUT. Monynmu MC127.05, NMCard v
MpoYHne yCTPONCTBA, BhIoaHeHHbIE Ha 0a3e CAUC K1879BMS8A nmerot 4eThipe I0HUTA.

Ha ycrpoiictBax ¢ npoueccopom KI/879BMS8X Bo3MOKHA OJHOBpEMEHHAs M HE3aBUCUMas
o0paboTka pa3nuuHbIX Mojeneil. Takas oOpaboTka WUIIOCTpUpYyeTcsl Ha pucyHke 1.1 - Ha
Ka)JIOM IOHUTE HE3aBUCUMO oOpabarbiBaeTcs "cBos" MoJeslb HEMPOHHON CETH.
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Pucynok 1.1 - OnnoBpemeHnHasi 00pad0TKa HECKOJbKHX HelipOHHBIX ceTell

YeTsIpe FOHUTA MOYKHO HACTPOUTH Ha 00Pa0OTKY OMHAKOBBIX MOJIENICH, KOT/Ia KX bl FOHUT
BBITOJIHSIET OJAMH M TOT K¢ Tpad oOpaOOTKH, MPU STOM MOXKHO OpPraHHM30BaTh IMAKETHYIO
00pabotky (batch mode), nocturasi MaKCUMaJIbHON MTPOU3BOAUTEILHOCTH 00pPaOOTKH OTOKA
JaHHBIX, HAIPUMED, TIOTOKA KaJIPOB OT BUICOKAMEpPhI (CM. pUCYHOK 1.2).

[lexeTHas 06paboTKa XapakTepusyeTcs BbICOKMM 3HaueHueM 3aaepxkku (Latency) - Bpemenu
OT 3aIrycka 00pabOoTKH JI0 MOJTyUYeHHUs pe3ylbTara.

PucyHnok 1.2 - Ilakernas 00padorka
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Jns ycrpoiictB Ha 6aze CHUC KI1879BMS8A B NMDL peanu3oBaH pexuM 00paOOTKU
OIHOM MOJeNM Ha YeThIPEX IOHUTAX C PaBHOMEPHBIM pasfeneHueM AaHHbIX ("multi unit")
(cm. pucynok 1.2). IIpu sTomM gocTturaercss MUHUMaJbHAs 3ajiepkka. [I[pon3BoAUTENIEHOCTD
37eCh, KaK IIPaBMUJIO, HECKOJIIBKO HI)KE H3-3a HaKJIaJHBIX pacxXofoB [0 OpraHU3aluu
napauienusMa. Harmpumep, Npu BBIIOJIHEHMHM CBEPTOK HAJ Pa3lelIE€HHBIMU TEH30paMHU
HEOOXOIMMO KOMIICHCHPOBaTh OOpaOOTKY TpaHUI], BBIMOJHATH IE€PEYMAaKOBKH, TPAH3HUT
JAHHBIX MEXAY KJacTepaMu U T. 1.

Pucynok 1.3 - Pe:kum o0padorku ""'multi unit"

1.3. BbiCcTpbIN CcTApPT

B pasgene mnpuBoguTCA TMOIIAroBas HMHCTPYKUMS Ui OBICTPOrO Havajga paboThl ¢
JIEMOHCTPAIMOHHON mporpammoii. bonee monmuyro napopmanuio o NMDL MOXHO TOTYYHTh

B COOTBETCBYIOIIMX pa3/esiaX pPyKOBOACTBA. 37€Ch OMUCHIBACTCS JEMOHCTpanusi o0paboTku
n300pakeHns ¢ TNPUMEHEHHEM HEHPOHHOM ceTH JUId Kiaccupukauuu Squeezenet Ha
cumyisitope ycrporicrsa Ha 6aze ChUC K1879BMSA.

Yeranosure nuctpubytuB NMDL Tak, Kak OUCAHO B pa3ziesie YCTaHOBKA.

[lepeiinute B Katanor bin B aupexktopuu yctaHoBku NMDL (no-ymonyanuto B Windows
"c:\Program Files\Module\NMDL", no-ymonuanuto B Linux "/opt/nmdl") u 3amycture
JEMOHCTPAIIMOHHYIO TporpaMmy nmdl_gui.

Bribepute yctpoiictBo ¢ momompio MeHio File — Open Board.... Yoenutech, 4To B
JIMAJIOTOBOM OKHE BBIOpPAH CUMYJISTOP.

BriGepure ommcanme Momenu ¢ momombio MeHio File — Open Description.... B
JMAJIorTOBOM OKHE BbIOOpa (haiima BeiOepute aitn PATH TO NMDL/nmdl ref data/
squeezenet _imagenet/description08.xml.

Bribepute oOpabarbiBaeMoe u300pakeHHe ¢ momolbio MeHwo File — Open Picture....
B mmanoroBom okHe BbIOOpa (aiina BeiOepute daiin PATH TO NMDL/nmdl ref data/
squeezenet_imagenet/frame.bmp.

3amyctute 00paboTKy ¢ MOMOIIbI0 MeHIO File — Run. B pe3ynbrate 0OpabOTKH BCILIBIBET
OKHO KJIaCCHU(DMKAILINY C BBIYMCICHHBIMU BEPOSTHOCTSMH B IOPSIKE YMEHbIICHHS. BepHbIit
KJ1acc 11 BeIOpanHoro u3oopaxenus - "lakeside".
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1.4. NMpousBoautensHoctb NMDL

B tabnunax npuBoAsSTCS 3HAUYEHUS MPOU3BOIUTENBHOCTH (Kaaphl B cekyHay FPS) u 3naueHus
3aJlep’)KKH OT Hayana oOpaboTku kaapa 1o momydeHus pesynprara (Latency). Pamom c
Ha3BaHHUEM CETH B CKOOKaX yKa3aH pa3mep 00padaThIBa€MOTo H300paKeHHsI.

Tao6auna 1.1 - FPS

MC121.01 NMStick MC127.05 u|MC127.05 "

NMCard (multi NMCard (batch
unit mode) mode)

alexnet 3,45 3,2 12,6 13

(227x227)

inception v3|0,63 0,6 12,8 20,3

(299x299)

inception v3|0,24 0,23 3,93 5,44

(512x512)

resnet 182,28 2,2 25 47

(224x224)

resnet 5010,8 0,75 12,2 20,6

(224x224)

squeezenet 8,3 8 74,4 100

(224x224)

u-net (512x512)* |- - 2 2

yolo v2 tiny|1,16 1,1 21 30,4

(416x416)

yolo v3|0,1 0,09 3,7 4.5

(416x416)

yolo v3 tiny|1,44 1,38 27,3 35,3

(416x416)

yolo v5s|- - 33 3.4

(640x640)

NMDL PykoBoacTBO MOJIB30BaTENsA
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Tadoauna 1.2 - Latency (ms)

MC121.01 NMStick MC127.05 u|MC127.05 "

NMCard (multi NMCard (batch
unit mode) mode)

alexnet 290 302 79 308

(227x227)

inception v3 1587 1653 78 197

(299x299)

inception v3|4166 4340 254 735

(512x512)

resnet 181439 457 40 85

(224x224)

resnet 5011250 1300 82 194

(224x224)

squeezenet 120 125 13 40

(224x224)

u-net (512x512)* |- - 500 2000

yolo v2 tiny|862 898 47 132

(416x416)

yolo v310000 10416 270 889

(416x416)

yolo v3 tiny|694 725 36 113

(416x416)

yolo vSs|- - 303 1176

(640x640)

* B Monenu u-net mpou3BeieHa 3aMeHa Clo€B transposed_convolution Ha upsampling.

NMDL PykoBoacTBO MOJIB30BaTENsA
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2. CocTtaB NO

[10 peanuzanuu HEHMPOHHBIX CeTel COCTOMT M3 MporpamMMmHbIX Moxyneit (API), yrumur u
PYKOBOJZCTBA.

@aitnel API anisa pazpabotku nporpamm ¢ ucnoiaszoBanuem NMDL:

nmdl.dll/nmdl.so - mporpaMMHBII MOYJ b JUIsl IPUMEHEHUS! 00y4YEeHHOW HEHPOHHOH CeTH.
CwM. paznen "Onucanune uaeHTUPUKATOPOB, MYHKIHA U CTpyKTYp nmdl".

nmdl.lib - GnbmuoTeka s paHHETO CBsA3bIBaHMs porpamMm ¢ NMDL B cpene MSVC++.
nmdl.h - 3aronoBOYHBIN (hailsl ¢ onucaHueM cTpykTyp U ¢pyHkuuit APL

nmdl _compiler.dll/nmdl compiler.so - mporpaMMHBI MOIYJIb - KOMITHJIATOP MOJECH
ONNX/DarkNet Bo BHyTpeHHee mpencrabieHue. Cm. "Onucanue MICHTH(PUKATOPOB W

dynkmmit nmdl _compiler"

nmdl_compiler.lib - GubnMHuoOTEKA ISl PAHHETO CBSI3BIBAHUS MOJTYJISI KOMITMIIATOPA MOJIEIICH
B cpene MSVC++.

nmdl_compiler.h - 3aronoBo4HbIN (a1 ¢ ONMKUCAHUEM CTPYKTYP U (DYHKIHI KOMIUISITOpPA
Moee.

nmdl_image converter.dll/nmdl _image converter.so - TPOTpaMMHBIH MOAYIb IS
MOATOTOBKH 00pabarbiBaeMbix n300pakeHui. Cwm. "Ommcanue WACHTUPHUKATOPOB U
dbynkumit nmdl_image converter"

nmdl_image converter.dll / nmdl _image converterso - a program module for preparing
processed images. See "Description of nmdl image converter identifiers and functions"

nmdl_image converter.lib - MoOmynb aJIA paHHETO CBS3BIBAHMSI MOMIYJSI TOATOTOBKH
n3o0pakenunii B cpene MSVC++.

nmdl_image converter.h - 3aroI0BOYHBIN (ailyl ¢ onmucaHUEeM CTPYKTYp U (QYHKUUH A
MOATOTOBKH N300payKeHUH.

3aroyioBouHbIe (aityibl 1 OMOIMOTEKH PaHHETO CBA3BIBAHUS PAa3MEIAIOTCs B KaTtayorax include
u [ib nupexropuu NMDL.

VY TUIATHL:

nmdl _compiler console - yTunuTa KOMaHTHOW CTPOKH JIJIsi KOMITHUISAIIMM MOJCIICH W3
dbopmaroB ONNX u DarkNet Bo BHyTpeHHU dopMaT JJIs 3arpy3KH Ha BIYUCIUTEIbHBIC
Monynu. Paitn Mmomenu ONNX oObIYHO MMeEET pacmupeHue .onnx. Moaens B dopmare
DarkNet coxpansieTcss B JAByX (ailiax - ¢ pacUIMpeHUEeM .cfg U pacuIupeHueM .weights.
[ToarorosnenHas moaens ais ycrpoiicts MC121.01 u NMStick umeeT paciuupenue .nm7.

Mopnens ans MC127.05 u NMCard nmeet pacumpenue .nm8. Cm. pazaen "Komnuisaius

Mozaenn".
L]
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nmdl_nmdl _image converter console - ytunuta KOMaHAHOW CTPOKH IS TIOATOTOBKHU
oOpabarsiBaeMbIx n300paxkeHuit. CM. pasaen "[loaroroBka nzo0paxkeHui" .

nmdl _gui - OKOHHasg YTWIMTA JUIs JeMOHCTpalMu (YHKIMOHAIBHBIX BO3MOXKHOCTEH
NMDL. Cwm. pazaen "JlemoHcTpalimoHHas rnporpamma’.

L]
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3. YcTaHOBKAa

3.1. YctaHoBKa B Windows

NMDL pacnpocTpaHsieTcs B BUAC YCTaHOBOUYHOTO AUCTpuOyTHBa. [lomnepKuBaroTCsi TOIBKO
64-X OUTOBBIE CHCTEMBI.

Jljis ycTaHOBKM AMCTPUOYTHBA 3allyCTUTE HCHONHSIEMbIH (aill MHCTAJUIITOpa C MpaBaMu
aamuHuctparopa. Cienyite HHCTPYKLUHUSAM MacTepa yCTaHOBKH.

Jy1st paboThI C MPOTPAMMHBIMU MOJIYJISIMA HEOOXOAMMO BKJIIOUUTH UX B 001acTh "BUIUMOCTH"
ornepanoHHoi cucteMbl. OHO U3 PELIEHUI - CO3JaHHe MEPEMEHHOW Cpenbl OKpY>KEHUS,
Hanpumep, ¢ uMeHeM NMDL, B KOTOPOU 3alMCBhIBAETCS MyTh K KAaTAJIOTy C 3aroJIOBOYHBIMU
u OuHapHBIMHU (haiimamu, U J0OABIEHNE CO3/IaHHON NMEpEeMEHHON K MEPEMEHHON OKpY>KEHUS
PATH.

s ucnionbzoBanus momyns nmdl B C/C++ mporpamMmax BKIIIOYHMTE B HCXOIHBIN (haiin
mapextuBy #include "nmdlh" u cBsxure mporpammy c Oubmmorexoit NMDL. Ecnu
ucnonb3yercs cpena paspadborku MSVC++, To aiisi paHHEro CBSI3bIBAHHS TOJKITIOUUTE K
npoekty ¢aiin nmdl.lib. MoxHO co3/1aTh U UCIIOIB30BaTh IIEpeMEHHYI0 OKpyxeHus NMDL nns
3amanus myTH K (ainam nmdl.h v nmdl.lib. TaxuMm e 00pa3oM MOKHO TTOIKITIOYATE MOTYITU
nmdl_compiler u nmdl _image converter.

3.2. YcTaHOoBKa B Linux

Pacripoctpansiercs B Buje .deb makera. IlomiepkuBaroTCsl TOJBKO 64-X OMTOBBIC CHCTEMBI
ceMerictBa Debian.

Jlyis yCTaHOBKH HUCIIONIb3YHTE MEHEKep makeToB dpkg.
Hampumep:

dpkg -i NMDL.deb

3.3. lononHuTternbHbIe KOMMOHEHTbI

Bwmecte ¢ OporpaMMHBIM MOIAYJIEM MOKHO IOJYYWUTH JOIMOJTHUTCIIBHBIC KOMIIOHCHTBI IJId
MIPOBEPKH U JIeMOHCTpanuu padbotst NMDL.

KoMIOHEHTBI pacpoCTPaHsIFOTCS B apXHBaXx:
* nmdl ref data_alexnet imagenet.tar - apxuB IS IeMoHCcTpanuu padbotsl cetn ALEXNET.

* nmdl ref data inception v3_imagenet.tar - apxuB JUIs JEMOHCTpAlu pabOThl CeTH
INCEPTION V3.

* nmdl ref data resnet 18 imagenet.tar - apXuB Ul JEMOHCTpalUU pPaOOTBl CETU

RESNETIS.
L]
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nmdl_ref data resnet 50 imagenet.tar - apXuB N1 JEMOHCTpAluu pabOTBHl CeTU
RESNETS0.

nmdl_ref data_squeezenet imagenet.tar - apxXwB A JIEMOHCTpAMM pPabOTHl CETH
SQUEEZENET.

nmdl_ref data_unet no_transp _conv_covid.tar - apxuB IJi1 IeMOHCTpalluu paboThl ceTu
U-NET. B monenu npousBe/ieHa 3aMeHa CJI0€B transposed _convolution va upsampling.

nmdl_ref yolo2 tiny pascal voc.tar - apxuB mis geMoHcTpanuu pabotsl cett YOLONET
V2 TINY.

nmdl_ref yolo3 coco.tar - apxuB st geMoHcTpanuu padotel cetu YOLONET V3.

nmdl_ref yolo3 tiny coco.tar - apxuB ans aeMOHCTpanuu padotsl cetu YOLONET V3
TINY.

nmdl_ref yolo5s coco.tar - apxuB mns aeMmoHcTpanuu padotel cetu YOLONET V5S.
PaGoraet Tonpko Ha Momynsix co CBUC K1879BMS8S - MC127.05, NMCard, NMMezzo,
a TaKKe Ha CUMYJISATOPE.

B karanorax conepxarcst aiibl:

frame.bmp - TecTOBOE N300paKeHHE.

model.cfg - monenb B popmare DARKNET.

model.onnx - monens B popmare ONNKX.

model.weights - BecoBble k03 duruentsr monenu B popmare DARKNET.

description07.xml - daiin onucanus monenu ais ycrpouctB MCI121.01 w NMStick nns
3amycka B mporpamme nmdl_gui.

description08.xml - ¢aiin onucanus wmomenu st momynedn MCI127.05, NMCard wn
CUMYJISTOpa JJis 3aycka B nmporpamme nmdl gui.

Jlis  TOATOTOBKM JIEMOHCTPALlMOHHBIX JaHHBIX, KOTOphle OyayT oOpabarbiBaTbcsi Ha
BBIYHUCIUTEILHOM MOJyJIe He0OXOMMO paclakoBaTh UX B Katanor nmdl_ref data, BBITOTHUTH
KOMITUJISIIIUIO MOJIeIe M MOJATOTOBKY M300pa)KeHMI Tak, KaK 3TO OMHCHIBAETCS B paslenax
"Komnunsiius monenn" u "[loaroroBka nzobpakeHuid" JaHHOTO pyKOBOACTBA. J[1s ynoOcTBa

KOMIOWISALUN B apXUB BKJIIOYEHbI CKPUNTHI prepare.cmd U prepare.sh. B pe3ynasrare paboThl
CKPHMIITA B K&XKJOM KaTajore nosBsaTcs (aiibr:

frame(07 - moarorosneHHoe it 00padotku Ha MC121.01 w NMStick n3obpaxeHwue.
frame08 - moaroroBnenHoe st 06padorku Ha MC127.05 n NMCard nzo0paxeHue.

model.nm?7 - KOMIIUIMPOBAaHHAsI MOJEIb s 3arpy3ku Ha MC121.01 u NMStick.

L]
NMDL PyxoBoacTBO mosiap30Baresist EUFI‘:]
atrix



15

* model.nm8 - koMIWIMPOBAaHHAS MOJIENb /ISt 3arpy3ku Ha MC127.05 u NMCard.

3.4. MNogrotoBka moayna MC121.01

[Tpu ucnonb3oBannun NMDL ¢ ycrpoiictBamu MCI21.0] HEoOXomUMO O TOAKITHOUYEHUS
monyiisa k USB-pazsémy T1K ycTaHOBUTE crieayromue nepeMbIuku (CM. pucyHok 3.1):

* Konrakr 1-2 pazbema XO.
* Konrakt 3-4 pazpema XO.
» KonrakT 5-6 pazpema XO.

* Ilpu ucnonws3zoBanuu nuranus or USB koHTakr 1-2 pazsema X11 (mpu ucnosiab3oBaHUU
0J10Ka MUTAaHUS KOHTAKT Pa30MKHYTh).

* Konrakr 1-2 pazpema X18.
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Pucynok 3.1 - [lepembruku na moaysie MC121.01
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3.5. NoproroBka yctpoucrtsa NMStick

[Ipu wcnonszoBanuun NMDL ¢ NMStick HeoOXomuMoO BBIMOIHUTH HHCTALIAIMIO [10O
MOJIJICPYKKH YCTPOMCTBA (BXOIUT B KOMIUICKT TTOCTABKHU W3JICIHs) U MOAKIIOYUTh YCTPOHCTBO
Kk USB-pa3zsémy 11K.

3.6. NMoarotoska moaynen MC127.05, NMCard v NMM:

Jnis pabotsl ¢ NMDL Heo6X0IMMO YCTaHOBUTS I1J1aTy B cBoOOHBIN ci10T PCle (st NMMezzo B
pa3bém PCle necymeit mnartel) U BBINOTHUTH HHCTAIUISIIMIO [10 nmojaep xku Moysist, BXoZs1ee
B KOMIUIEKT IIOCTaBKH U3/EIINS.

L]
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4. Komnunauuwa moaenm

HeiiponHas ceTb goimkHa OBITH MPeIBAPUTENILHO 00yUYeHa C TOMOIIBIO HEHPOCETEBOro MaKeTa
(nanpumep, Microsoft® Cognitive Toolkit - CNTK), u npeoGpa3zoBana k popmaram ONNX unu
DarkNet.

Ucxonnas moaens B popmare ONNKX, Kak mpaBuiio, XpaHuTtcs B (aitsie co cTpykrypoit Google
Protocol Buffer u umeer pacmupenue * onnx.

Mopnenu ans cereit Tuna YOLO moryT xpanuthces B opmare DarkNet. B aTom cityuae MoJielnb
OINMUCHIBAETCS AByMs (Qaiimamu - Qaiin ¢ pacumpeHueM *.cfg comepkuT omucanue rpaga
o0pabotkwu, (aiin * weights conepKuT Beca sl CBEPTOK.

Qaitnel Moneneit ONNX u DarkNet sBnstorcs pesyiabratoM oOyueHUs HEHpOHHOW ceTH U
OJTHOBPEMEHHO HMCXOJIHBIMH JTAHHBIMU JUIsI KOMIIMIATOPA, KOTOPBIA B pe3yasrare o0paboTKu
co3naét (aiinel ¢ pacmupenuemM nm7 nas ycrpouctB MCI121.01 w NMStick, v nm8 nis
monynend MC127.05, NMCard n cumynsitopa.

Ecnn B Moziet ONNX BXoJHBIE U BBIXOAHBIE TEH30PBI UMEIOT JMHAMUUYECKHUE PAa3MEPHOCTH, TO
11 KOMITWJISILIMK MOJIENTH HEOOXO0IMMO CJIeNIaTh UX cTaThuecKuMu. DUKCaIio MOXKHO CenaTh
IIpY TIOMOIIM CIEAYIONIero npumepa Ha python. 3nechk mpeanonaraercs, 4To pa3MEpHOCTH
BXOJIHOTO TEH30pa AMHamMuueckue. Mbl Quxcupyem ux k 3HaueHusMm [1, 3, 640, 640].
BrixonHble pa3meps! OyayT BHIUHUCIATHCS aBTOMAaTHYECKU:

#Model fixation script
import onnx
from onnx.tools import update model dims
from onnx import helper, shape inference

model = onnx.load('path/to/the/dynamic_dim model.onnx')

# update model dimensions

variable length model = update model dims.update inputs outputs dims (model, \
{'"inputl': [1, 3, 640, 640]}, {'outputl': ['1l', 'C','H','W'], \

'output2': [('1', 'C','H','W'], 'output3': ['l', 'C','H',6'W']})

# out dim will be calculated automatically
inferred model = shape inference.infer shapes(variable length model)

# Check the model
onnx.checker.check model (inferred model)

# Save the ONNX model
onnx.save (inferred model, 'static dim model.onnx')

Monenu nm7 v nm8 SIBISIFOTCS OMHAPHBIMU 00pa3aMy CKOMITUIIMPOBAHHBIX MOTB30BATEIIHCKUX
Moxenei. MIX cTpykTypa He JOKYMEHTHUPYETCS W 3aBHCHT OT IIE€JIEBOTO YCTPOMCTBA U BEPCUHU
KOMITWJISITOPA.

KoMnuisTop BBIMOMHEH B BHJE JMHAMUYECKH 3arpy’kaeMoro MOIylIs U MOXeET ObITh
BCTPOEH B IPOrpaMMy MoJIb30BaTelsi. MOXKHO TakyKe BOCIOJIb30BaThCsl KOHCOJIBHOM YTUIIMTON
nmdl_compiler console /11 BeimonHeHUs mpeoOpa3oBaHus MojieNel U3 KOMaHHON CTPOKH.

nmdl compiler console BOARD TYPE NN TYPE
SRC_FILENAME DST FILENAME IS MULTI UNIT [WEIGHTS FILENAME]

L]
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ApryMeHTbl KOMaHIHON CTPOKH:

BOARD TYPE - tun mopyns. Jlonyctumseie 3Hauenus: "MCI12101" - npeoOpa3zoBaHue
Monenu B Qopmar nm7 gus ycrpouictB MCI21.01 w NMStick, "MCI12705"
npeoOpaszoBanue Monenau B popmar nm8 mist moxyneit MC127.05, NMCard v cumynsitopa.

NN _TYPE - dopmar ¢aiina BxogHoit mopenu. [lomyctumbie 3HaueHus: "ONNX" umu
"DARKNET".

SRC FILENAME - ums aiina UCXOAHON MOAEIH.
DST FILENAME - ums daiina BEIXOTHON MOJIEITH.

IS MULTI UNIT - monens Oyner obpabatbiBarbesi B pesxume "multi unit” (cM. pasnen
"Pexumbl 00paboTKu").

WEIGHTS FILENAME - ums daiina ¢ BecoBbIMH Kod(¢uimentamMmu mozaenu. HyxeH
TOJILKO TSl Moziesielt B popmare DarkNet.

[Tpumep KOMIMIISIIMKM MOJIEH squeezenet JJIsi IPOroHa Ha OJTHOM FOHUTE:

>nmdl compiler console MC12705 ONNX

squeezenet.onnx squeezenet.nm8 0

[Tpumep KOMIUISIIMKM MOJIEH squeezenet st MPoroHa B pexume multy unit:

>nmdl compiler console MC12705 DARKNET

yolo2t.onnx yolo2t.nm8 1 yolo2t.weights

4.1. NoapepxunBaemble onepaunmn

KOMHI/IJ'IﬂTOpOM OAACPIKUBACTCA CJ'ICI[}/IOH_II/Iﬁ Ha6op onepaunﬁ:

1.

2.

Abs

Add

AveragePool

* AveragePool2x2, no pad, stride=1
* AveragePool2x2, no pad, stride=2
» AveragePool3x3, no pad, stride=2
* AveragePool3x3, pad, stride=2

BatchNormalization (mpu ycnoBuu, 4T0 onepaiusi BHIIIOTHSIETCS Cpasy Mociae CBEPTKHU).

L]
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10.
I1.
12.

13.

Concat (110 0CsIM KaHAJIOB U IIUPHUHBI, KOJIMYECTBO BXOAHBIX TEH30POB - HE Oomee 7)

Convolution

ConvTranspose (kernel 2x2, stride 2x2)

Div

Convlxl, stride=1
Convlxl, stride=2
Conv3x3, no pad, all strides
Conv3x3, pad, stride=1
Conv3x3, pad, stride=2
Conv5x5, no pad, all strides
Conv5x5, pad, stride=1
Conv7x7, no pad, all strides
Conv7x7, pad, stride=2
Conv11x11, no pad, all strides
Conv7x1, pad_w, stride=1
Convl1x7, pad_h, stride=1
Conv3xl1, pad_w, stride=1

Conv1x3, pad _h, stride=1

GEMM

Global AveragePool

Leaky Relu

Mat Mul

MaxPool

MaxPool2x2, no pad, stride=1
MaxPool2x2, no pad, stride=2
MaxPool3x3, no pad, stride=2

MaxPool3x3, pad, stride=2

NMDL PykoBoacTBO MOJIB30BaTENsA
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14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

* - Tonbko i moayneit MC127.05, NMCard u NMMezzo.

*  MaxPooINxN (N - odd value), stride=1*

Mul
Pad
PRelu
Relu

Reshape

Resize* (resize nearest + resize linear, half fixel, scale 2x2)

Sigmoid
Slice
Sub*

Transpose

Upsample nearest™

NMDL moxer paboTarh ¢ MOJCISMH C OJAHUM 00pabaThIBaeMbIM H300pak€HHEM, TO €CTh
o0OpabaTpIBaeTCsl OJMH BXOAHON TEH30D.

KonnuecTBo TepMHUHAIBHBIX y3JI0B (BBIXOAHBIE TEH30PHI) - HE Ooiee 5.

NMDL PykoBoacTBO MOJIB30BaTENsA
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5. MoarotoBka N3oopaxeHUU

OOpaOarpiBacMble  M300pakeHHs] HEOOXOAMMO TPEIBAPUTEIILHO CKOHBEPTUPOBATH B
BelleCTBeHHBIM  ¢opmar (TeHzop). CnenmaTrh 3TO MOXKHO C TIOMOIIBIO  yTHIIUTHI
nmdl_image converter console

nmdl image converter console SRC FILE DST FILE W H F DR DG DB AR AG AB BT

AprymeHTbl KOMaHAHOMN CTPOKHU:

* SRC FILE - nmsa BxomHoro Qaiina (bmp, gif, jpg, emf, png, tiff),
* DST FILE - ums BoIXOAHOTO (paiina,

* W - mmpuHa TeH30pa U300pakeHus,

* H - BbICOTa TEH30pa U300pakeHUs,

* F - mopsaoK clieoBaHUs IIBETOBBIX KAHAJIOB B TEH30pe M300pa)KeHUs (IOIyCTUMBIC
3Hauenus: rgb, rbg, grb, gbr, brg, bgr, intensity - oqMH KaHa Tpajallid CEPOTro),

* DR - nmenuTenb Uil KPAacHOTO KaHaja THKCENsS B BBIpaXeHUW dst = src / D + A
(BerecTBeHHAs BEJIMUMHA),

* DG - nmenutenb Ui 3€JNEHOTO KaHaja IHKCENs B BbIpakeHuu dst = src / D + A
(BerecTBEHHAs BEJIMYMHA),

* DB - nmenutenb Uil TOAyOOTO KaHalla TUKCENs B BBIpaXeHWUW dst = src /' D + A
(BerecTBEHHAs BEJIMUMHA),

* AR - crmaraemoe JuIsi KpacHOTO KaHajla MHKCENsl B BBIpaXeHWUW dst = src / D + A
(BellecTBEHHAsl BEIMUMHA).

* AG - cnaraemoe JUIs 3€J€HOrO KaHaja MHKCeNs B BbIpaXeHuUu dst = src /' D + A
(BemecTBEHHAS BEJIMYMHA).

* AB - cimaraemoe JUisi TOMyOOTO KaHalla NMUKCENs B BBIpaXKEHUU dst = src / D + A
(BerecTBEHHAs BEJIMYMHA).

* BT - taunm Momynis Ha KOTOPOM TpeAronaraeTcs o0paboTka (HOMyCTHMBIC 3HAYCHHUS:
mcl12101, mc12705).

Jlns nu300paskeHHi ¢ Tpajanuei ceporo, korga aprymeHT F 3ajgan intensity, HCIoOnb3yroTcs
toibko aenutenab DR u ciaraemoe AR. Ocrtanbubie nenutenu (DG u DB) u cnaraembie (AG u
AB) UrHOpHUpYIOTCS U MOTYT OBITH YCTAaHOBJICHBI B JIIOObIE 3HAUCHHUS.

HporpaMMa MacmTa6preT BXOJHOC I/I306pa)KCHI/Ie OTHOCUTCIIBHO LICHTPAa B COOTBETCTBUU C
3aJaHHbIMHU apTYMCHTAMU.

[ToaroroBneHHsle N300paxeHuss UMEIOT 100 TaHapHblid (s MC121.01 u NMStick), nu6o
nukcenbHbld (g MC127.05 u NMCard) opmar pacrionoxenus s1neMeHToB tuna float32.

NMDL PykoBoacTBO MOJIB30BaTENsA
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B nnanapaom ¢gopmate B ¢aiisl 3aUChIBAIOTCS MOOYEPENHO MIIOCKOCTH KaXKI0TO U3 KaHAJIOB.
B sToMm ciyuae 6ydep MOKHO peAcTaBUTh Kak MaccuB B ctuie C/C++:

float image[CHANNELS] [HEIGHT] [WIDTH];

To ecTh camblii OBICTPO MEHSIOIIUICS HWHIEKC - 3TO HHICKC MO IIHPUHE H300paKEHUS.
KonnuectBo kxananoB - tpu (RGB kananibl), Wiu onuH UIs OAHOKAHAJIBHBIX M300pakKeHUN
(rpajaumu ceporo). B moaroroenenHom Oydepe pa3mep BBIPABHUBACTCS 10 IIMPHHE
nzoOpaxenus. st m3o0paskeHut ¢ 4€THOM MUPUHON pa3mep Oydepa coCcTaBuT: size = width
* height * channels (float32), mist uzo0pakeHuil ¢ HeYETHON MMUPHUHON: size = (width + 1) *
height * channels (float32).

B nmkcensHOM Qopmare B Qaii 3amuCchIBalOTCS TOCIEAOBATEIbHO KaHAJbl IHKCEIeH
n3zo0paxxenus. bydep MoxHO npencTaBuTh Kak MaccuB B cTuiie C/C++:

float image[HEIGHT] [WIDTH] [CHANNELS] ;

To ectb camblii OBICTPO MEHSIOMIMKCS HMHAEX - 3TO HMHIEKC Mo KaHaimam. KoimuecTBo
kaHanoB - Tpu (RGB kananel), wim ogwH A1 OAHOKAHAIBHBIX W300paKeHW (Tpaaaruu
ceporo). B moxnrorosinerHom Oydepe pasMep BhIpAaBHUBACTCS M0 KaHajlaM HU300paXeHUS 10
Ommkaiimero 4€THOro 3HadueHHs. Pazmep Oydepa ¢ MOATOTOBIEHHBIM W300pakKeHUEM IS
monyneit MC127.05 u NMCard cocrasur: size = width * height * (channels + 1) (float32).

NMDL PykoBoacTBO MOJIB30BaTENsA
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6. lemoHCTpaUuMOHHaA NnporpamMmma

Jliia nemoHcTpanuu GyHKIMOHAIBHBIX Bo3MOxkHOCTel 6ubanorekn NMDL 6b11a pa3paborana
yruinta nmdl_gui. B 3amaun yTuanTsl BXOIAT:

»  HMuaunnuanusanus ounonuorexku NMDL;

* OOnapyxenne W uACHTHUUKANMS TOCTYMHBIX Yyckopurteneh (cumynamop, MCI121.01,
MCI127.05, NMStick, NMCard);

* 3arpy3ska daiiiaa Mojaenu HeMpoHHOU ceTH (.nm7 uiu .nms);

* 3arpy3ska ¢aiina onucaHus HEHPOHHOU ceTu (xml);

» IIpeaBapurenbHas 00pabOTKa M 3arpy3Ka H300paKEHUH Ha BEIYUCIUTEH MOIYJIb;
* 3amyck 00paOOTKH Ha BHIYUCIIUTEIIEHOM MOJIYIIE;

* (OOpaboTKa 1 BBIBOJ] pE3YyJIBTATOB.

HpI/I 3allyCKC IIpOrpaMmbl IIOABJISICTCA ITIABHOC OKHO IIpOorpaMmbl CO CTPOKaMH MCHIO,
COCTOSIHUS U KJIMEHTCKOH 00JIaCTHIO.

B wMeHio pacmonoxeHsl OpraHbl YIpaBleHUs mporpamMmoi. B  kimeHTtckoil oGnactu
pacronaraeTcsi U300pakeHUe U pe3ylbTaTbl 00paboTKU. B cTpoke COCTOSHUS BBIBOAUTCS
cienyromas nHbopMmarus:

*  BuiOpannsiit yckoputens (cumynsimop, MCI121.01, MC127.05, NMStick, NMCard);

* BriOpaHHas Mozellb HEUPOHHOM CETH;

* BriOpaHHOe onMcaHne HEHPOHHOU CETH;

*  BriOpaHnHOe n300pakeHue;

*  CkopocTb 00paboTKH (KaapoB/c).

Brenramii Bua mporpaMMel B Iipoliecce padoThl MPUBEAEH HA pUCYHKE 6. 1.

L]
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Board 1 (MC127.05), model: C:/Git/nmdl/ref_data/yolonet_tiny2/model.nm8, description: C:/Git/nmdl/ref_data/yolonet_tiny2/descriptionaxml, picture: Ci/Git/nmdl/ref_data/yolonet_tiny2/frame.bmp. 1.35 fps.

Pucynok 6.1 - BHemnuii Bu nporpaMmsl B npouecce padoTbl
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Brei6op mMomyns ocymiecTBisieTcst B AuanoroBoM okHe Open Board, BHEUTHHI BUI KOTOPOTO
NpuBeAEH Ha pUCYHKE 6.2. OKHO COAEPKUT CIHUCOK JOCTYIHBIX B CHUCTEME YCKOpPUTEJEH,
KHONIKA BBIOOpA, a Takke BO3MOXXHOCTh HJCHTU(PUKAIIMU YCTPOHCTBA TOCPEACTBOM
CBCTOAMOAHOM WHIUKAIIMH.

| Cpen Board ... l 2 |ﬁ,|
0. Simulator
@ 1, MC121.01
2. MC127.05
[ Blink |
| Ok | | Cancel |

PucyHok 6.2 - BHenmiHuii BUJ OKHA BbIOOpPAa MOAYJIst

Bri0op onucanus HEMPOHHOW CETH OCYILECTBIIAETCS B JuanoroBoM okHe Open Description.
Onucanue HEHPOHHOM ceTu ocyluecTBiusgercs B Gopmare XML U conep UT WHGPOPMALIUIO
0 HeoOXoAMMOM QopMaTe M300pakeHUs, a TaKKe MapaMeTpbl MHTEPIPETALUU BBIXOAHBIX
apaMeTpoB.

IMapameTtp Onucanne

model Crpoka ¢ Ha3BaHueM (ailina MoJeIU HEHPOHHON CETH B OHOM
U3 CIeIyomuX popMarax:

* *mm7 - onMCaHME MOAENM JUIl 3arpy3Kd Ha MOIYJIH
MC121.01 u NMStick.

* *pm8 - omwcaHWe MOAETHM JUIS 3arpy3Kd Ha MOJIYJIH
MC127.05, NMCard vnm Ha CUMYISITOP.

* *omnx wim *onnx - ONHWCaHWE MoOIeTu B dopmare
ONNX Protobuf. Mogenr MoXeT OBITH 3arpykeHa Ha
mo0oit Momynb. Ilepen 3arpy3koii Ha MOIYJIb MOJEIb
MpeIBapUTEIbLHO KOHBEpPTUpYETCsA B *nm7 unn B *nm8 B
3aBHCHMOCTH OT THIIa MOJYJISI.

* *c¢fg - ommcamme wmomenmu B ¢opmare DARKNET.
@aiin ¢ BeCOBBIMH KOXPPUIMEHTAMU *.weights NOIKEH
pa3MeIIaThCs B TOM K€ KaTaJore ¥ UMETh TO K& Ha3BaHHE,
4yTo U (aiin onucanus momenu *.cfg. Moneiab MOXeT ObITh
3arpyeHa Ha Jr000i Moayib. [lepen 3arpy3koii Ha MOIYJb
MOJIENIb MPEABAPUTENLHO KOHBEPTHPYETCS B *.nmm7 WM B
* nm8 B 3aBUCUMOCTH OT THIIa MOJTYJISI.

NMDL PykoBoacTBO MOJIB30BaTENsA
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ITapamerp Onucanne
MoXHO yKa3aTh Kak aOCOJIOTHBIN MyTh K Qailly, Tak U MyTh,
OTHOCHTEIIbHO pa3MmenieHus (aiina onrcanus XML.

format dopmaT muKcens, K KoTopoMy OyzeT mpeoOpa3oBaHbl TUKCETH
BXOJHOTO M300pakeHus nepen 00paboTkoi. MoXeT MpUuHUMATh
3HAYEHUS:
+ 1gh
* r1bg
 grb
* gbr
* brg
*  Dbgr
OTO 3HaYEHUE COOTBETCTBYET IMOPSJKY CIIEJOBAaHUS KaHAJIOB
BXOJIHOTO TE€H30pa.

divider Macmrabupyromuit  k03QOUIUEHT IS KaKIOH IBETOBOM
KOMITOHEHTBI MHKCEIS BXOIHOTO M300paxeHus. Mcmombsiyercs
npu npeoOpa3zoBaHUM H300pak€HUS BO BXOAHON TEH30p (CM.
paznen "[loaroroBka nu3o0OpaxkeHuit").

adder Koaddumment cmemennst s Kaxa0d 1IBETOBOH KOMITOHEHTHI

MUKCENsl  BXOAHOTO  m300pakeHus. Mcmomedyercss — mpu
npeoOpa3oBaHUU N300paKEHUsI BO BXOHOW TEH30p (CM. pas3zien
"[MoaroroBka n3o0paxeHuit").

neural network

Bribpannas HelipoHHast ceTb MoKeT MpUHUMATh 3HAUCHUS:

* classifier - HelipoHHas ceThb - KJIACCHU(UKATOP, HAIpUMED
ALEXNET, RESNET, SOUEEZENET.

* unet - HEMpOHHAasA ceTh ceMeiicTBa U-Net.

* yolo?2 - neliponHas ceth cemeiictea YOLO V2.
* yolo3 - HeliponHas ceth cemeiictea YOLO V3.
* yolo) - neliponHas cethb cemeiictea YOLO V5.

Pesynbrarom paboThl  kiaccudukaTopa  SIBISETCS  BEKTOP
BEPOSATHOCTEN MPUHAJIEKHOCTH U300pAKEHUS ONPEIEIEHHBIM
KjaccaM. B JeMOHCTpallMOHHOM IporpaMMe KJIaccel U
BEPOSITHOCTH OOHAPYKEHUS BHIBOAATCS BO BCILUIBIBAIOIIEM OKHE.

L]
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ITapamerp

Onucanue

Cetu YOLO B pesynbrare o0paOOTKH BBIIAIOT HH(YOPMAIIHIO
0 HECKOJIbKHX OOHApy>KEHHBIX OOBEKTaX M WX PACHOJIOKCHUH
Ha MCXOTHOM M300paXCHUU. B 1IeMOHCTpallMOHHOM MTporpamMmme
oOHapyKeHbIe O0BEKThl 0003HAYAOTCS HEMOCPEICTBCHHO Ha
WCXOTHOM.U300pa)KCHUH B OMTUCHIBAIOIIUX MPSMOYTOJIbHUKAX.

yolo_anchors

[TapameTpsl HaualnbHOW HMHHUITHAIM3AIUHN  JIETCKTHPYEMBIX
MIPSIMOYTOJIBHUKOB (TOJIBKO 11 ceteir YOLO).

yolo_confidence threshold

[Topor ans oroOpakeHus: pe3yJIbTaToB A€TEKTUPOBAHUS (TOJIBKO
st ceteit YOLO).

yolo_iou_threshold

[Topor mnepecekarommxcss NPSIMOYTOJbHHUKOB JIETEKTUPOBAHUS
(tonbko st ceteit YOLO)

labels

Crucok CTpPOK C Ha3BaHUSIMHM KJIACCOB, KOTOpbIe OymyT
0TOOpaXkaThCsl B OKHE pe3ysbraTa 00paboTKH.

HuanoroBoe okHO Open Picture O3BOISET OTKPBITh OJJHO WJIM HECKOJIBKO M300pax)eHUH st

00paboTKH.

[Ipy HanuuumM BceX JaHHBIX CTAHOBUTCS JOCTYIMTHOW KHOMKa Run, 3amyckaromias oOpadoTKy.
3amycKk MOKHO HHUIIMMPOBATH € MOMOIIbI0 komOuHamu "Ctr/+R". [l Ka)K10ro nepe1anHoro
M300paXKeHUs OCYIIECTBISETCS MpeABapuTeNbHas 00pabOTKka B COOTBETCTBUHU C 3aJaHHBIM
OMHMCaHUEM HEHPOHHOHW CEeTH ISl MOCHeAyroIme o0paboTku Ha yckoputene. B pesynbrare
00pabOTKM 3amoJHAETCS BBIXOAHAs CTpPykKTypa ¢ N TeH3opamu. B 3aBucuMoctu OT
HEUPOHHOU CETH, BBIXOJHASI CTPYKTypa MHTEPIPETUPYETCS Pa3TMIHBIM oOpa3zom. s ceTeit
kjaccupukanuu (Takux Kak SqueezeNet) MOSBISETCS AOMOJHUTEIBHOE OKHO C KjaccaMH U
BEPOSATHOCTHIO. BHEIIHMIT BU/T ’TOr0 OKHA NMPUBEAEH HA PUCYHKE 6.3.
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# | Classification Results ... E@g
Label - Probability
1 pemhmke ......................... 100
2 Cardlgan ............................. .
3 Chihuahua 24,7543
4 dingo 241734

5 Labrador_retriever 23,6046
& Eskimo_dog 234812
7 Staffordshire_bull... 229756
& golden_retriever 226645

9  basenj 223377

10 Pormeranian 21,7855

PucyHok 6.3 - BHemHuii BUJ1 OKHA pPe3yJbTaTOB KjaaccuPuKauu

Jliis cereil, KOTOpbIEe BBIMOIHIIOT MeCToONpeaeaeHne 00bekTa (Takux kak YOLO), pe3yabrat
MOKA3bIBACTCS HEMOCPEJCTBEHHO Ha HCXOAHOM Hu300pakeHuu. [locne okoHuaHus pPabOTHI
YCKOPHUTENS OCYILIECTBISCTCS HAJIOKEHHE MPSMOYTOJIbHUKOB Ha OOHapy)KEHHbIE OOBEKTHI,
MIPUBOJIUTCS Ha3BaHUE KJ1acca U BEPOATHOCTb oOHapyskeHus. [IpumMep HanoxeHUs pesyibrara
Ha U300pakeHue NMpUBEIEH Ha pUCYHKE 6.4.

k.
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50,

PucyHnok 6.4 - OTo0paxxeHue pe3y/ibTaTOB 1€TEKTUPOBAHUS

[Iporpamma mo3BOMIsIET 00paboTaTh MOCJIENOBATENBHOCTh H300paxkeHuit. [ storo
HEOOXOMMO TIpHU BBIOOpPE M300pakKeHWM BBIICIUTH HECKOJbKO (aitnoB. Ilocme storo mpu
3ammycke o0paboTku (Run) Oymet oOpadoTaHo oHO M300pakeHue. [Ipu mMOBTOPHOM 3amycKe -
BTOpOE€ U T. . MOXKHO Takxke 3alyCTUTh 00paboOTKy B aBTOMarudeckoM pexume (Run Auto).
Jnst octaHOBa aBTOMaTHUECKO 00pabOTKU HAXXMUTE KIaBUlly "npobden".

JJ1st oTOOpaskeHHst TOTIOTHUTEITLHON HH(POPMAIIUHU UCTIONB3YETCS CTPOKA COCTOSIHUS. B cTpoky
BBIBOJIUTCSl Ha3BaHUE BBIOPAHHOTO YCTPOMCTBa, (paiia omucaHusi HEHpOHHOU ceTH, (Qaiina
n300paKeHHs, a TAK)KE H3MEPEHHOE MPOrpaMMoi 3HaueHHe fps ¢ y4ETOM NepechlTKy Kajapa u
nonyueHpust pe3ynbrara. CkopocTh 00paboTku 6e3 yuéra BpeMeHHU MEePEChUIOK BHIBOAUTCS B
CKOOKax.

L]
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7. NMpunmep ncnonb3sosaHus NMDL

B npumepe nemoHcTpupyercs npumenenue oudnnoreku NMDL, nporpaMMHBIX MOAYJeH JUist
KOMIOWISAIUN MOJENTH U TOJATOTOBKM M300pakeHMid. [Ipumep cocTouT U3 (aiina MCXOAHOTO
kona examplel.cpp w ckpunra coopku CMakeLists.txt B katanore "examples/examplel”
YCTaHOBOYHOM AUPEKTOPHUH.

[lpennonaraercsi, YTO WCXOXHBIC JaHHBIE Ui OOpaOOTKM HAaxOATCS B  Karajore
"nmdl _ref data/squeezenet” B KaTtamore YyCTaHOBKHM, 3TO O3HAa4aeT, 4YTO B HpUMEpe
JeMOHCTpHUpYeTcsi 00paboTKa HEHPOHHOI ceTH squeezenet. VICXOAHBIMU JJAHHBIMU SIBIISIFOTCS:

* Monenby Heiiponnoit cetu B (opmare ONNX - daiin "nmdl ref data/squeezenet/
model.onnx"

» OOpabarpiBaeMoe m300paxkeHue B ¢opmare BMP - daiin "nmdl ref data/squeezenet/
frame.bmp"

B mnpumepe mnokazaHel BbI30Bbl (PYyHKIMHA OMOIMOTEK B MOpsAKE, HEOOXOIUMOM IS
OCYILECTBIICHUS] KOPPEKTHOM PabOTHI.

001 #include <array>
002 #include <fstream>
003 #include <iostream>
004 #include <string>
005 #include <unordered map>
006 #include <vector>
007 #include "nmdl.h"
008 #include "nmdl compiler.h"
009 #include "nmdl image converter.h"

010

011 //#define USE DARKNET

012

013 namespace {

014

015 auto Call (NMDL_ COMPILER RESULT result, const std::string &function name) {

016 static std::unordered map<NMDL_COMPILER RESULT, std::string> map = {

017 {NMDL_COMPILER RESULT OK, "OK"},

018 {NMDL COMPILER RESULT MEMORY ALLOCATION ERROR, "MEMORY ALLOCATION ERROR"},

019 {NMDL_COMPILER RESULT MODEL LOADING ERROR, "MODEL LOADING ERROR"},

020 {NMDL COMPILER RESULT INVALID PARAMETER, "INVALID PARAMETER"},

021 {NMDL COMPILER RESULT INVALID MODEL, "INVALID MODEL"},

022 {NMDL COMPILER RESULT UNSUPPORTED OPERATION, "UNSUPPORTED OPERATION"}

023 b g

024 if (result != NMDL COMPILER RESULT OK) {

025 throw std::runtime error (function name + ": " + map[result] + ": " +

026 NMDL COMPILER GetLastError());

027 }

028 return NMDL RESULT OK;

029 }

030

031 auto Call (NMDL RESULT result, const std::string &function name) {

032 static std::unordered map<NMDL RESULT, std::string> map = {

033 {NMDL_RESULT_OK, "OK"},

034 {NMDL RESULT INVALID FUNC PARAMETER, "INVALID FUNC PARAMETER"},

035 {NMDL_RESULT NO LOAD LIBRARY, "NO LOAD LIBRARY"},

036 {NMDL_RESULT NO_ BOARD, "NO_ BOARD"},

037 {NMDL_RESULT BOARD RESET ERROR, "BOARD RESET ERROR"},

038 {NMDL_RESULT INIT CODE LOADING ERROR, "INIT CODE LOADING ERROR"},

039 {NMDL RESULT CORE HANDLE RETRIEVAL ERROR, "CORE_ HANDLE RETRIEVAL ERROR"},

040 {NMDL_RESULT FILE LOADING ERROR, "FILE LOADING ERROR"},

041 {NMDL_RESULT MEMORY WRITE ERROR, "MEMORY WRITE ERROR"},

042 {NMDL_RESULT MEMORY READ ERROR, "MEMORY READ ERROR"},

043 {NMDL RESULT MEMORY ALLOCATION ERROR, "MEMORY ALLOCATION ERROR"},
NMDL PyxoBoacTBO mosiap30Baresist euro o
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044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084
085
086
087
088
089
090
091
092
093
094

096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

{NMDL, RESULT MODEL_ LOADING_ERROR, "MODEL_LOADING ERROR"},

{NMDL RESULT INVALID MODEL, "INVALID MODEL"},
{NMDL_RESULT BOARD SYNC ERROR, "BOARD SYNC ERROR"},
{NMDL RESULT BOARD MEMORY ALLOCATION ERROR, "BOARD MEMORY ALLOCATION ERROR"},
{NMDL_RESULT NN CREATION ERROR, "NN CREATION ERROR"},
{NMDL_RESULT NN LOADING ERROR, "NN LOADING ERROR"},
{NMDL_RESULT NN INFO RETRIEVAL ERROR, "NN INFO RETRIEVAL ERROR"},
{NMDL_RESULT MODEL IS TOO BIG, "MODEL IS TOO BIG"},
{NMDL RESULT NOT INITIALIZED, "NOT INITIALIZED"},
{NMDL_RESULT BUSY, "BUSY"},
{NMDL RESULT UNKNOWN ERROR, "UNKNOWN ERROR"}

}i

if (result != NMDL RESULT OK) {
throw std::runtime error (function name + ": " + map[result]);

}
return NMDL RESULT OK;

template <typename T>
auto ReadFile (const std::string &filename) {

std::ifstream ifs(filename, std::ios::binary | std::ios::ate);
if (!ifs.is open()) {
throw std::runtime error ("Unable to open input file: " + filename);
}
auto fsize = static cast<std::size t>(ifs.tellg());
ifs.seekg(0);
std::vector<T> data (fsize / sizeof (T));
ifs.read(reinterpret cast<char*>(data.data()), data.size() * sizeof (T));
return data;

void ShowNMDLVersion () {

std::uint32 t major = 0;
std::uint32 t minor 0;
std::uint32 t patch 0;
Call (NMDL GetLibVersion (&major, &minor, &patch), "GetLibVersion");
std::cout << "Lib version: " << major << "." << minor
<< "." << patch << std::endl;

void CheckBoard(std::uint32 t required board type) {

std::uint32 t boards;

std::uint32_t board number = -1;
Call (NMDL GetBoardCount (required board type, &boards), "GetBoardCount");
std::cout << "Detected boards: " << boards << std::endl;

if (!boards) {
throw std::runtime_error ("Board not found");

#ifdef USE DARKNET
095 auto CompileModel (const std::string &config filename,

const std::string &weights_ filename,
std::uint32 t board type,
bool is multi unit) {
float *nm model = nullptr;
std::uint32 t nm model floats = Ou;
auto config = ReadFile<char>(config filename) ;
auto weights = ReadFile<char>(weights filename) ;
Call (NMDL COMPILER CompileDarkNet (is multi unit, board type,
config.data(), config.size(), weights.data(), weights.size(),
&nm model, &nm model floats), "CompileONNX");
std::vector<float> result (nm model, nm model + nm model floats);
NMDL_COMPILER_ FreeModel (board type, nm model) ;
return result;
}
#else
auto CompileModel (const std::string &model filename, std::uint32 t board type,

bool is multi unit) {
float *nm model = nullptr;
std::uint32 t nm model floats = Ou;

L]
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115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161l
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185

auto model = ReadFile<char> (model filename);
Call (NMDL_COMPILER CompileONNX (is multi_unit, board type, model.data(),
model.size (), &nm model, &nm model floats), "CompileONNX") ;

std::vector<float> result (nm _model, nm model + nm model floats);
NMDL_COMPILER_ FreeModel (board type, nm model) ;
return result;

}

#endif

auto GetModelInformation (NMDL HANDLE nmdl, std::uint32 t unit num) {

NMDL_ModelInfo model info;
Call (NMDL GetModelInfo(nmdl, unit num, &model info), "GetModelInfo");

std::cout << "Input tensor number: " << model info.input tensor num << std::endl;
for(std::size t i = 0; i < model _info.input tensor num; ++i) {
std::cout << "Input tensor " << i << ": " K
model info.input tensors[i].width << ", " <<
model info.input tensors[i].height << ", " <<
model info.input tensors[i].depth <<
std::endl;
}
std::cout << "Output tensor number: " << model info.output tensor num << std::endl;
for(std::size_t i = 0; i < model info.output_ tensor num; ++i) {
std::cout << "Output tensor " << i1 << M": " <<
model info.output tensors([i].width << ", " <<
model info.output tensors([i].height << ", " <<
model info.output tensors([i].depth <<
std::endl;

}

return model info;

auto Preparelnput (const std::string &filename, std::uint32 t width,

std::uint32 t height, std::uint32 t board type,
std::uint32 t color format, const float rgb divider([3],
const float rgb adder([3]) {
auto bmp frame = ReadFile<char>(filename) ;
std::vector<float> input (NMDL IMAGE CONVERTER RequiredSize (
width, height, color format, board type));
if (NMDL_IMAGE_CONVERTER Convert (bmp_ frame.data (), input.data(), bmp_ frame.size(),
width, height, color format, rgb divider, rgb adder, board type)) {
throw std::runtime error ("Image conversion error");
}

return input;

void WaitForOutput (NMDL HANDLE nmdl, std::uint32 t unit num, float *outputs[]) {

std::uint32 t status = NMDL PROCESS FRAME STATUS INCOMPLETE;
while (status == NMDL PROCESS FRAME STATUS INCOMPLETE) {
NMDL GetStatus (nmdl, unit num, &status);
};
double fps;

Call (NMDL GetOutput (nmdl, unit num, outputs, &fps), "GetOutput");
std::cout << "First four result values:" << std::endl;
for(std::size t i = 0; 1 < 4; ++i) {

std::cout << outputs[0][i] << std::endl;
}
std::cout << "FPS:" << fps << std::endl;

int main () {

const std::uint32 t BOARD TYPE = NMDL BOARD TYPE SIMULATOR;
//const uint32 t BOARD TYPE = NMDL BOARD TYPE MC12705;
//const uint32 t BOARD TYPE = NMDL BOARD TYPE MC12101;
const std::uint32_t COMPILER BOARD TYPE =

BOARD TYPE == NMDL BOARD TYPE MC12101 °?

NMDL COMPILER BOARD TYPE MC12101

NMDL COMPILER BOARD TYPE MC12705;
const std::uint32 t IMAGE CONVERTER BOARD TYPE =

L]
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186 BOARD TYPE == NMDL BOARD TYPE MC12101 ?

187 NMDL IMAGE CONVERTER BOARD TYPE MC12101

188 NMDL IMAGE CONVERTER BOARD TYPE MC12705;

189 #ifdef USE DARKNET

190 const std::string DARKNET CONFIG FILENAME =

191 "../nmdl ref data/yolo v3 tiny coco/model.cfg";

192 const std::string DARKNET WEIGHTS FILENAME =

193 "../nmdl ref data/yolo v3 tiny coco/model.weights";

194 const std::string BMP_ FRAME FILENAME =

195 "../nmdl ref data/yolo v3 tiny coco/frame.bmp";

196 const NMDL IMAGE CONVERTER COLOR FORMAT IMAGE CONVERTER COLOR FORMAT =
197 NMDL IMAGE CONVERTER COLOR FORMAT RGB;

198 const float NM FRAME RGB DIVIDER[3] = {255.0f, 255.0f, 255.0f};

199 const float NM FRAME RGB ADDER[3] = {0.0f, 0.0f, 0.0f};

200 #else

201 const std::string ONNX MODEL FILENAME =

202 "../nmdl ref data/squeezenet imagenet/model.onnx";

203 const std::string BMP_ FRAME FILENAME =

204 "../nmdl ref data/squeezenet imagenet/frame.bmp";

205 const NMDL IMAGE CONVERTER COLOR FORMAT IMAGE CONVERTER COLOR FORMAT =
206 NMDL IMAGE CONVERTER COLOR FORMAT BGR;

207 const float NM FRAME RGB DIVIDER[3] = {1.0f, 1.0f, 1.0f};

208 const float NM FRAME RGB ADDER[3] = {0.0f, 0.0f, 0.0f};

209 #endif

210 const std::size t BATCHES = 4;

211 const std::size t FRAMES = 5;

212

213 NMDL HANDLE nmdl = 0;

214

215 try {

216 std::cout << "Query library version..." << std::endl;

217 ShowNMDLVersion () ;

218

219 std::cout << "Board detection... " << std::endl;

220 CheckBoard (BOARD TYPE) ;

221

222 std::cout << "NMDL initialization... " << std::endl;

223 Call (NMDL Create (&nmdl), "Create");

224

225 std::cout << "Use multi unit... " << std::endl;

226

227 std::cout << "Compile model... " << std::endl;

228 #ifdef USE DARKNET

229 auto model = CompileModel (DARKNET CONFIG FILENAME, DARKNET WEIGHTS FILENAME,
230 COMPILER BOARD TYPE, true);

231 #else

232 auto model = CompileModel (ONNX MODEL FILENAME, COMPILER BOARD TYPE, true);
233 #endif

234

235 std::array<const float*, NMDL MAX UNITS> models = {model.data()};
236 std::array<std::uint32 t, NMDL MAX UNITS> model floats =

237 {static cast<std::uint32 t>(model.size())};

238 Call (NMDL Initialize (nmdl, BOARD TYPE, 0, 0, models.data(),

239 model floats.data()), "Initialize");

240

241 std::cout << "Get model information... " << std::endl;

242 auto model info = GetModelInformation (nmdl, O);

243

244 std::cout << "Prepare inputs... " << std::endl;

245 auto input = Preparelnput (BMP FRAME FILENAME, model info.input tensors[0].width,
246 model_info.input tensors[0].height, IMAGE CONVERTER BOARD_TYPE,
247 IMAGE CONVERTER COLOR FORMAT, NM FRAME RGB DIVIDER, NM FRAME RGB ADDER) ;
248 std::array<const float*, 1> inputs = {input.data()};

249

250 std::cout << "Reserve outputs... " << std::endl;

251 std::vector<std::vector<float>> output_ tensors(model info.output_ tensor num);
252 std::vector<float*> outputs (model info.output tensor num);

253 for(std::size t i = 0; i1 < model info.output tensor num; ++i) {
254 output tensors[i].resize(static cast<std::size t>(

255 model info.output tensors([i].width) *

256 model info.output tensors([i].height *
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257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
2717
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

#ifdef

#else

#endif

}

model info.output tensors([i].depth);
outputs[i] = output tensors([i].data();
}

std::cout << "Process inputs... " << std::endl;
for(std::size t i = 0; i < FRAMES; ++i) {
Call (NMDL Process (nmdl, 0, inputs.data()), "Process");
WaitForOutput (nmdl, 0, outputs.data()):;
}
NMDL_Release (nmdl) ;

std::cout << "Process batch... " << std::endl;

std::cout << "Compile model... " << std::endl;
_USE_DARKNET _
model = CompileModel(DARKNET7CONFIG7FILENAME, DARKNET WEIGHTS FILENAME,
COMPILER BOARD TYPE, false);

model = CompileModel (ONNX MODEL FILENAME, COMPILER BOARD TYPE, false);

models = {model.data (), model.data (), model.data (), model.data() };
model floats = {
static_cast<std::uint32 t>(model.size
static_cast<std::uint32 t>(model.size
static_cast<std::uint32 t>(model.size
static_cast<std::uint32 t>(model.size
Call (NMDL Initialize (nmdl, BOARD TYPE, 0, 0, models.data(),
model floats.data()), "Initialize");

std::uint32 t cnt in = 0;
std::uint32 t cnt out = 0;
for (auto i = Ou; i < BATCHES; ++i) {
Call (NMDL Process (nmdl, (cnt in++) % BATCHES, inputs.data()),
"ProcessFrame") ;
}
for (auto i = BATCHES; i < FRAMES; ++i) {
WaitForOutput (nmdl, (cnt out++) % BATCHES, outputs.data());
Call (NMDL Process (nmdl, (cnt in++) % BATCHES, inputs.data()),
"ProcessFrame") ;
}
for (auto i = Ou; i < BATCHES; ++i) {
WaitForOutput (nmdl, (cnt out++) % BATCHES, outputs.data());
}

catch (std::exception& e) {

}

std::cerr << e.what() << std::endl;

NMDL_Release (nmdl) ;
NMDL Destroy (nmdl) ;

return 0;

}

3/1eCh BBINOJIHAIOTCA CIACAYIOIINUE ICUCTBUS:

1 .. 9: IloaxIroueHue 3aroJIoBOYHBIX (hailioB. "nmdl.h" - onucanne 6MOINOTEKN HEHPOCETEBOM
obpabotku, "mnmdl compilerh” - onucanwe OWOTMOTEKW NS KOMITWJISIIMM MOJCIEH,
"nmdl_image converter.h" - onucanuie OMOTUOTEKH IS TOJTOTOBKH H300paXKEHHIA.

15 .. 29: OyHKua-00EpTKa A7 BHI30BOB (PYHKLIMN OMOIMOTEKH KOMIMISIUU Moxeneil. B
ciydae omuoKu GopMUpPYET BBIBOJ 00 OIIMOKE U MHUITUUPYET UCKITIOYECHHUE.

31 .. 60: ®yHK1IUA-00EPTKA TS BRI30BOB (DYHKIIH OMOITMOTEKH HelpoceTeBoi o0paboTku. B
ciryqae omuOKu (OpMUPYET BBIBOI 00 OIMIUOKE M MHUITUUPYET UCKITIOUCHHUE.

62 .. 73: YHuBepcaybHas QyHKIUS U YTEHUS IaHHBIX U3 (hailiia B BEKTOP.
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75 .. 82: ®ynkuus Beioaa Bepcun NMDL NMDL_GetLib Version.

84 .. 92: O@yHKIMA NPOBEPKHU HAJIMYUSA MOAYJSA 3aJaHHOTO Tuna. GakTU4ECKU NMPOU3BOIUTCS
3alpoc KOIMYeCTBa OOHAPYKEHHBIX Moayiel 3agannoro tuna - NMDL_GetBoardCount.

94 .. 122: OyHKUMS KOMIWISAIMKA HWCXOAHOW Mozaenu. BeibBaeTcs  (yHKIUS
NMDL COMPILER CompileONNX. 3nech TPOUCXOAWT BBHIJCIICHHE TMaMATH BHYTPH
(YHKIIUY KOMTTHJISIIHI, TTOTOMY TTOCJIE paOOTHI BBIJIETICHHAS TAaMATh OCBOOOXK1a€TCSI BEI30BOM
NMDL COMPILER FreeModel, a pe3ynbraT KOMOWISIIMM KOTTUPYETCS B BO3BpAIlaeMbIi
BekTop float. B meneBoli mporpaMMe MOXXHO BBITIOJHUTBH MPEABAPUTEIBHYIO KOMITHIISIIHIO
MOJICNId C TOMOIIBI YTWIUTBI nmdl compiler console Tak, Kak ONHCAaHO B pasueie
"KoMnuysimst Mojienu".

124 .. 144: ®yHKUMs IOTyYEHUs U BbIBOJA HH(OPMALIUU O ITapaMeTpax BXOAHBIX U BBIXOIHBIX
ten3opoB. Mcnonb3yercs Bei3oB NMDL_GetModellnfo.

146 .. 158: OyHKIMS TOATOTOBKH Kajpa. 3€Ch BHIIOIHACTCS YTCHUE H300paxenus u3 (aiina,
ero nexoaupoBanue u npepoopadorka (NMDL IMAGE CONVERTER_ Convert). Onucanue
npenoopaboTky npuBoanTCs B paszaeie "lloaroroBka n3obpaxeHuit'.

160 .. 173: OyHxuust oxugaHus o0padboTku kKaapa. IIpuHruMaeT HoMep KinacTepa Ha KOTOPOM
pou3BOAUTCA 00paboTka (hatch _num) u 6ydep-BeKTop Al XpaHEHUS pe3yibTara 00paboTKH.
Oynkius O610KupyeTcst B IUKie 3ampoca craryca oOpaborku (NMDL_GetStatus). ITocne
nonyuenus craryca NMIDL PROCESS FRAME STATUS FREE npou3BOAUTCS KONUPOBAaHUE
pesynsrara Bei3oBoM NMDL _GetOutput..

178: 3aganue Tura MOIyssl yCKOpUTENs. B 3aBUCHMOCTH OT THUIIa YCKOPUTEIS ONPEIEIIIIOTCS
W TUIBI I pabOThl ¢ OMOIMOTEKON KOMIWJISAIMKA Mojejaed M OMONMOTEKON MOATOTOBKH
nzobpaxenuil. B mpumepe ucnonw3yercs cumynsatop moxyas MC127.05. lns paboTsl ¢
JIPYyTUMU TUIIAMH PACKOMMEHTHPYITE COOTBETCTBYIOIIYIO CTPOKY.

178: Setting the type of the accelerator module. Depending on the type of accelerator, the
types for working with the model compilation library and the image preparation library are also
defined. The example uses the MC127.05 module simulator. For other types, uncomment the
appropriate line.

189 .. 209: 3aparorcs nMeHa (aiyioB ¢ MCXOIHBIMH MOJEIBI0 U M300pakKeHUEM. 3a/1aloTCs
napaMeTpsl IS MOArOTOBKH M300paxkeHus. [ ncxomgHoit monenu TpeOyeTcs MOAroTOBHTh
n3o0paxkeHne ¢ muKcensiMu B Gopmare blue-green-red. Kaxnpiii nmukcens moguduuupyercs
mo gopmynie Y = X / 1.0 - 114. D10 mpeoOpazoBaHue HEOOXOAMMO JJisi 00OpabOTKU
MoJIeTu Squeezenet. JIns npyrux Mojeneil HE0OXOAWMO HMCIOJNB30BaTh COOTBETCTBYIOIIHE
nmapaMeTpbl, KOTOPBIE OIPEIENSIOTCS TMPH CO3JAaHUH MOJACTH U SBISIOTCS HCXOAHBIMU
JTaHHBIMH, TPUBS3aHHBIMU K KOHKpeTHOU Mojienu. [logpoOHee 0 moaroToBke H300pakeHui CM.
B paszzene "[loaroroBka n3obpaxeHui".

210: 3agaércst KOMMYECTBO KIACTEPOB MpU MAKETHOU 00paboTKe.

211: 3amaércs KonmuyecTBO oOpabaThiBaeMbIX KaJpoB. B mpumepe Npou3BOIUTCS
MHOTOKpaTHasi 00paboTKa OTHOTO KaJIpa.
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Jlanee B [IaBHOM (YHKUMH BBIIOJHAETCS TOCIEIOBAaTENbHBIA BBI30OB  ONHCAHHBIX
BCIIOMOTATeIbHBIX (PYHKIHUH.

223: Wunmmammzamms  NMDL.  IlocpenctBom  BeizoBa  ¢yHkmuum NMDL Create
OCYILECTBIIACTCS HHULIMAIN3ALUS BHYTPEHHUX CTPYKTYp 6ubmuorexku NMDL.

225 .. 266: Ilpumep nocienoBaTeabHON 00pabOTKH KapoB B pexKUME pa3/esieHHsI JaHHbIX 0
knactepaM "multi unit” (cm. paznen "Pexumblr 00paboTku").

229 .. 232: KOMOWIALIUA MOIEITH.

235 .. 239: wanmmmammzamma. B gynkmum NMDL Initialize npowsBoauTces 3arpyska
CKOMITMJTMPOBAHHOW MOZETN B BEIOPAHHBIA yCKOPUTE.

245: hopmupoBaHUE BXOAHOTO TEH30pA.
250 .. 259: pezepBupoBanue OyhepoB ik BBIXOJHBIX TEH30POB.
262 .. 265: 06paboTKa ¥ OTyYCHHUE Pe3yJIbTaTa.

268 .. 299: Ilpumep nocienoBareabHOW 00pabOTKU KaJpoB B peKMME MaKkeTHONH o0paboOTKU
"batch mode" (cMm. paznen "Pexumbl oOpaboTku").

304, 305: Tlpu 3aBepieHnn paboThl 0CBOOOXKIaI0TCS BhieneHHbIe pecypchl (NMDL_ Release
u NMDL_Destroy).
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8. OnucaHune naeHTudpnkKaTopos,
dyHkuun n ctpyktyp NMDL

8.1. UpeHTUdMKaTOPbI N CTPYKTYPbI
8.1.1. NMDL_BOARD_TYPE

Tunel MoTyJIEH.

}

typedef enum tagNMDL BOARD TYPE {
NMDL BOARD TYPE SIMULATOR,

NMDL_BOARD TYPE MC12101,
NMDL_BOARD TYPE MC12705,
NMDL_BOARD TYPE NMSTICK,

NMDL_BOARD TYPE NMCARD,
NMDL_BOARD TYPE NMMEZZO
NMDL_BOARD TYPE;

NMDL BOARD TYPE SIMULATOR - cumynsitop moaynsa MC127.05.

NMDL BOARD TYPE MCI12101 - wmonyns MCI21.0]. Mopyns Ha 6aze CBUC
K1879BM641.

NMDL BOARD TYPE MCI12705 - monyns MC127.05. Ilpeacraisier coOO0H CepBEpHBIi
Berunciuresib co CBUC K1879BM8S, noakmouaemslii k ctangaptaeiM opram PCI-E Ha
MaTEPUHCKOH IIJIaTe.

NMDL BOARD TYPE NMSTICK - w~onmynb NMStick. llpencraBisier  coboi
cnenerauciutess co CBUC K1879BM64 B hopm-dakrope USB Flash drive.

NMDL BOARD TYPE NMCARD - wmonyne NMCard. IlpencraBnser  co0oif
cneusbrurciuress co CbUC K1879BMS8S, nonkntouaeMslit B cioT pacmupenus PCle na
MaTEPUHCKOM IJ1aT€ KOMIBIOTEpA.

NMDL BOARD TYPE NMMEZZO - wonyns NMMezzo. IlpeacraBmser cobou
cneuseruncaurens co CBUC K1879BM8Sco CBHMC K1879BMS8Sl, nmoakiroyaeMblid 110
mHe PCle k Hecy1el miare noiab30Baresl.

8.1.2. NMDL_Modellnfo

Crpykrypa ¢ uHbOpMAIIHEH 0 MOJIEIH.

typedef struct tagNMDL ModelInfo {
unsigned int input tensor num;
NMDL Tensor input tensors[NMDL MAX INPUT TENSORS];
unsigned int output tensor num;
NMDL_Tensor output tensors[NMDL MAX OUTPUT_ TENSORS];

} NMDL ModelInfo;

output tensor_num - KOJIMYECTBO BXOJHBIX TCH30POB,

L]
NMDL PyxoBoacTBO mosiap30Baresist EUFI‘:]
atrix



38

* output tensors — BXOOHBIC TCH30PHI.

* output_tensor_num - KOJAYECTBO BBIXOJHBIX TEH30POB,

* oulput tensors — BbIXOJHbIC TCH30PbI.

NMDL MAX INPUT TENSORS - makcuMaibHOE KOJIMYE€CTBO BXOJHBIX TEH30POB.

NMDL MAX OUTPUT TENSORS - MakcUMaJIbHO€ KOJIMYECTBO BBIXOJHBIX TEH30POB.

8.1.3. NMDL_PROCESS_FRAME_STATUS

Wnentuduxarop craryca oo6paboTKH Kajpa.

typedef enum tagNMDL PROCESS FRAME STATUS {
NMDL_PROCESS_FRAME_STATUS_FREE,
NMDL_PROCESS_FRAME_STATUS_INCOMPLETE
} NMDL_PROCESS_FRAME_STATUS;

* NMDL PROCESS FRAME STATUS FREFE - o0paboTKa KaJipa HE IPOU3BOIUTCS,

* NMDL PROCESS FRAME STATUS INCOMPLETE - BoinonusieTcs o0paboTka Kajpa.

8.1.4. NMDL_RESULT

Bo3sBpaiaemslii pe3yabrar.

typedef enum tagNMDL RESULT {

NMDL_RESULT_ OK,
NMDL RESULT INVALID FUNC PARAMETER,
NMDL_RESULT NO_BOARD,
NMDL_RESULT BOARD RESET ERROR,
NMDL_RESULT INIT CODE_LOADING ERROR,
NMDL _RESULT CORE_HANDLE RETRIEVAL ERROR,
NMDL_RESULT FILE LOADING ERROR,
NMDL_RESULT MEMORY WRITE ERROR,
NMDL_RESULT MEMORY READ ERROR,
NMDL_RESULT MEMORY ALLOCATION ERROR,
NMDL_RESULT MODEL LOADING ERROR,
NMDL RESULT INVALID MODEL,
NMDL_RESULT BOARD SYNC ERROR,
NMDL_RESULT BOARD MEMORY ALLOCATION ERROR,
NMDL_RESULT NN CREATION ERROR,
NMDL_RESULT NN LOADING ERROR,
NMDL_RESULT NN INFO RETRIEVAL ERROR,
NMDL_RESULT MODEL IS TOO BIG,
NMDL RESULT NOT INITIALIZED,
NMDL RESULT INCOMPLETE,
NMDL RESULT UNKNOWN ERROR

} NMDL RESULT;

* NMDL RESULT OK - net omm0oK,
* NMDL RESULT INVALID FUNC PARAMETER - HeBepHBIil MapameTp,
* NMDL RESULT NO BOARD — uet monyis,

* NMDL RESULT BOARD RESET ERROR — omubka cOpoca MOy,
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NMDL RESULT INIT CODE LOADING ERROR — ommbka 3arpy3kd  Koja
WHUIIATH3AIA OUOTNOTEKH 3arpy3Ku 1 0OMeHa,

NMDL RESULT CORE _HANDLE RETRIEVAL ERROR - ouwmbka mOIy4eHus
I/II[eHTI/I(bI/IKaTOpa BBIYHUCIINTCIIA,

NMDL RESULT FILE LOADING ERROR — ommb0ka 3arpy3Ku nporpaMmmMHoro oopasa,
NMDL RESULT MEMORY WRITE ERROR — omun0Ka 3amn¥cH B MaMaTh MOTYJIS,
NMDL RESULT MEMORY READ ERROR — oumm0ka 4yTeHHs U3 TaMITH MOJYJI,
NMDL RESULT MEMORY ALLOCATION ERROR — omm0OKa BbIJI€JIEHUS TaMsTH,

NMDL RESULT MODEL LOADING ERROR — omubka 3arpy3kd MOJ€IH HEUPOHHOMN
ceTH,

NMDL RESULT INVALID MODEL — omnbka B MOAETH,
NMDL RESULT BOARD SYNC ERROR — omn0Kka CHHXPOHHU3ALUU C MOAYJIEM,

NMDL RESULT BOARD MEMORY ALLOCATION ERROR — omubOKa BBIJICICHUS
IaMsATH Ha MOJYJIE,

NMDL RESULT NN CREATION ERROR — omm0Ka CO3/1aHHs MOJIEIH Ha MOJIYJIE,
NMDL RESULT NN LOADING ERROR — omu0Kka 3arpy3Kyd MOJIEIH HEHPOHHOM CeTH,

NMDL RESULT NN INFO RETRIEVAL ERROR — ommubka 3ampoca uHGOpMaIUu O
MOJIENH,

NMDL RESULT MODEL IS TOO BIG — mopeib He MOXKET ObITh pa3MelleHa B TaMsTH
MOy,

NMDL RESULT NOT INITIALIZED —  Oubmuoreka  ¢ynkuuit NMDL  He
MHHULATU3UPOBaHA,

NMDL RESULT INCOMPLETE — ycTpONCTBO HAXOAUTCS B COCTOSIHUM 00pabOTKH Kaipa,

NMDL RESULT UNKNOWN_ERROR — nen3BecTHas OIIMOKA.

8.1.5. NMDL_Tensor

CrpykTypa, ONHMCHIBAOIIAS TEH30D.

typedef struct tagNMDL Tensor ({
unsigned int width;
unsigned int height;
unsigned int depth;

} NMDL_Tensor;

width - mpuHa TeH30pa,
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*  height - BbICOTA TE€H30PA,

* depth — tnyOuHa TEH30pA.
8.2. dyHKUUN
8.2.1. NMDL_Blink

CeronuoaHast MHIMKALUSA A UACHTU(DUKALIMA MOJTYJIS.

NMDL_RESULT NMDL Blink (
unsigned int board type,
unsigned int board number

* board type - [in] THOD MOAyns, Ha KOTOPOM BBI3BAaETCs MPOIEAypa CBETOAMOIHOM
nHaukanuu. OnHo u3 3Hadenuit nepeurciennss NMDL BOARD TYPE.

* board number - [in] NMOPSAAKOBBII HOMEpP MOMYJs, HA KOTOPOM BBI3BAETCS MpOLEAypa
CBETOAMOIHOMN UHIUKAIIUY.

8.2.2. NMDL_Create

Co3nanue sx3eMiuisipa NMDL u nonyuenue uaeHtugukaropa sx3emiuisipa NMDL.

NMDL_RESULT NMDL Create (
NMDL HANDLE *nmdl
* nmdl - [out] unenTudukarop sx3emruisipa NMDL.

[Tocne paGotel ¢ sx3emiuipoM NMDL HeoO0xomuMo OCBOOOIWUTH BBIICIECHHBIE PECYpPCHI
Bb130BOM NMDL Destroy.

8.2.3. NMDL_Destroy

VYnanenue sx3emiursipa NMDL.

void NMDL Destroy (
NMDL HANDLE nmdl
* nmdl - [in] unentudukarop sx3emmsipa NMDL.

@OyHKIMS BBI3BIBACTCSA JJII  OCBOOOXKICHHS PECYpPCOB, BBIICICHHBIX TIPH  BBI30BaX
NMDL _Create uNMDL _Initialize .

8.2.4. NMDL_GetBoardCount

3anpoc KOJINYCCTBa O6H3py>KeHHBIX MOIIyanI 3aaHHOI'0 TUIIA.
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NMDL_RESULT NMDL GetBoardCount (
unsigned int board type,
unsigned int *boards

* board type - [in] Tum ompamuBaeMbIx Momyied. OJHO W3 3HAYCHUN TMEPEUNCIICHHS
NMDL BOARD _ TYPE.

* boards - [out] KomU4YeCTBO OOHAPYKEHHBIX MOYJICH.

Hns  cumymsaropa MC127.05  (tun  NMDL BOARD TYPE SIMULATOR) Bceraa
OOHapy’>KUBAETCS OJJH MOJTYIb.

8.2.5. NMDL_GetLibVersion

3anpoc Bepcun 6udmmnorexku NMDL.

NMDL_RESULT NMDL GetLibVersion (
unsigned int *major,
unsigned int *minor,
unsigned int *patch

* major - [out] cTaplINii HOMEP BEPCUH.
* minor - [out] MIaAIINKA HOMEDP BEPCHUHU.

* patch - [out] HOMep TIaT4a.

8.2.6. NMDL_GetModelinfo

3anpoc nHpopmMaIuu 0 MOICIIH.

NMDL_RESULT NMDL GetModelInfo (
NMDL HANDLE nmdl,
unsigned int unit num,
NMDL ModelInfo *model info

* nmdl - [in] neckpunrop NMDL.

* unit_num - [in] HOMep FOHUTA AJIS1 KOTOPOTO 3arpalnBaercs nHpopmarus. iMeeT 3HaueHne
TOJIBKO Tpu pabote ¢ mopyasimu co CEUC KI1879BMSA (MC127.05, NMCard, NMMezzo
wnu cumyastop). [Ipu pabore ¢ MC121.01 u NMStick neo6xonumo ycTaHoBHTS 0.

* model_info - [out] uabOpMAIUT O MOJEIIH.

8.2.7. NMDL_GetOutput

3anpoc pesynsrara 00paboTKH.

NMDL_RESULT NMDL GetOutput (
NMDL HANDLE nmdl,
unsigned int unit num,
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float *outputs[],
double *fps

nmdl - [in] unenTuduKarop sx3emiisipa NMDL.

unit_num - [in] HOMep IOHUTA [T KOTOPOTO 3allpalnBaeTcs pe3yasrar oopadorku. Mmeet
3HauU€HHE TOJIbKO MpH padote ¢ mopynsmu MC127.05, NMCard win cumynstopoMm. [pu
pabote c MC121.01 u NMStick neo6xonumo yctaHoBUTS 0.

outputs - [out] Oydepbl 1151 BBIXOJHBIX TEH30pOB. BbIX0HBIE TEH30PBI pa3MEIIaoTCs APYyT
3a ApyroM B MHOpSAKE UX MOsBIEHUS B rpade oOpabOTKH, TO €CTh YHNOPSAIO0YEHHbIE MO
ypoBHsM B rpade. [Tapamerpsr TeH30poB onpenensitorcs B cTpykrype NMDL_Modellnfo.

fps - [out] mpou3BOAUTENBHOCTE O00PabOTKH (KaApoB B CeKyHAY). MoXeT MpUHUMATh
3Ha4yeHue 0.

8.2.8. NMDL_GetStatus

3anpoc craryca 006paboTku. DYHKIUS BBI3BIBACTCS JUIS MPOBEPKU OKOHYAHHS 00pabOTKU
Kajpa.

) ;

NMDL_RESULT NMDL GetStatus(

NMDL HANDLE nmdl,
unsigned int unit num,
unsigned int *status

nmdl - [in] unenTudukarop sx3emmisipa NMDL

unit_num - [in] HOMep KiacTepa Al KOTOPOro 3arpalinBaeTcs craryc oopadboTku. Mmeet
3HauUeHHE TOJBKO IMpH padore ¢ monyiasimu MCI127.05, NMCard uau CUMYISTOPOM,
KOTOPBIE UMEIOT B CBOEM COCTaBE HECKOJIbKO IOHUTOB. [1pu pabote c MC121.01 u NMStick
HE0OX0IMMO ycTaHOBUTS 0.

status - [out] cocTosHOE KiacTepa B MOMEHT BbI30Ba (QyHKUuU. OJHO U3 3HAYCHUH
nepeuncienuss NMDL PROCESS FRAME STATUS.

[Ipumep wucnonb3oBanuss NMDL GetStatus nns opraHu3auuy IOJUIMHTra. briokupyromas
GYHKIMS 11 OKUIAaHUSI OKOHUAHUSI 00pabOTKH:

auto WaitForOutput (NMDL HANDLE nmdl, std::uint32 t unit num, float *output[]) {
std::uint32 t status = NMDL PROCESS FRAME STATUS INCOMPLETE;
while (status != NMDL PROCESS FRAME STATUS FREE) {
NMDL GetStatus (nmdl, unit num, &status);
}i
double fps;
NMDL GetOutput (nmdl, unit num, output, &fps);
return fps;

8.2.9. NMDL _lInitialize

MNanmmanuzanus NMDL.
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NMDL_RESULT NMDLilnitialize(
NMDL HANDLE nmdl,
unsigned int board type,
unsigned int board number,
unsigned int proc number,
const float *model [NMDL MAX UNITS],
const unsigned int model floats[NMDL MAX UNITS]

nmdl - [in] unentudukarop s3x3emruispa NMDL.

board _type - [in] Tun mHUDMATU3UpyeMoro Moayiss. OMHO W3 3HAUYCHUHN MEPEUUCIICHUS
NMDL BOARD _TYPE.

board _number - [in] TOPSAAKOBBII HOMEP WHUITUAITU3UPYEMOTO MOIYJIS.

proc_number - [in] TOPAIKOBBI HOMEpP HHHUIMATM3UPYEeMOro Tmpoieccopa. s Bcex
OJTHOTIPOLIECCOPHBIX MOJYJIeH U CUMYISATOPAa HEOOXOIUMO YCTaHOBUTS ().

model - [in] MaccuB ykazareneil Ha Oydepsl, comepkaiue 00pa3bl CKOMIIIUPOBAHHBIX
monenei. wm nm8 (nnss MC127.05, NMCard v cumynstopa).

model_floats - [in] pa3mMep MOJe/IU B BEILIECTBEHHBIX YHCIIAX C OJMHAPHON TOYHOCTBIO.

use batch _mode - [in] ¢nar wucnonbp3oBaHUS peXUMa TakeTHOM oOpaboTku. HMmeer
3HaueHue TONBKO 1iisi moxynert MCI127.05, NMCard wiu cumynstopa. [Ipu pabore c
MC121.01 n NMStick neo6xoaumo ycTaHoBUTS 0.

Jlnst yerpoiictB Ha 6a3e mpoueccopa K1879BM6SI Takux, kak MC121.01 u NMStick, nmeercs
OZIMH FOHMT JUIsl IPOTOHA HEHPOHHOH CETH, MOATOMY 3[1€Ch HEOOXOIUMO 33/1aTh TOJIBKO OIHY
Mozens. Hammpumep:

// NMDL HANDLE nmdl - library descriptor created in NMDL Create.

// std::vector<float> model - compiled model data.
std::array<const float*, NMDL MAX UNITS> models = {
model.data ()

bi

std::array<std::uint32 t, NMDL MAX UNITS> model floats = {
static_cast<std::uint32_ t>(model.size())

bi

NMDL Initialize (nmdl, NMDL BOARD TYPE MC12101, 0, models.data(), model floats.data());

s ycrpoiictB Ha 6asze mpoueccopa KI879BMSA - MCI127.05, NMCard, NMMezzo n
CUMYJISITOpPE - MOXXHO 3a/1aTh HECKOJbKO MOJIENeH, TaK KaK 37eCh MOXXHO HCIIOJIb30BaTh
1o 4eTbIpéx oHUTOB. [lompoOHee o pexxnmax o0paboTku cM. pasaen PexxuMbl 00pabOTKU.
Hampumep:

// NMDL_HANDLE nmdl - library descriptor created in NMDL Create.

// std::vector<float> model 0 - unit 0 compiled model data.

// std::vector<float> model 1 - unit 1 compiled model data.

// std::vector<float> model 2 - unit 2 compiled model data.

// std::vector<float> model 3 - unit 3 compiled model data.
std::array<const float*, NMDL MAX UNITS> models = {

model 0O.data(), model 1l.data(), model 2.data(), model 3.data()

}i

std::array<std::uint32 t, NMDL MAX UNITS> model floats = {
static cast<std::uint32 t>(model 0O.size()),
static cast<std::uint32 t>(model 1l.size()),
static cast<std::uint32 t>(model 2.size()),
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static cast<std::uint32 t>(model 3.size())
bi
NMDL Initialize (nmdl, NMDL BOARD TYPE NMCARD, 0, models.data (), model floats.data()):

Ecau Mmonmens ckoMnuimpoBaHa it yCTpOMCTB Ha 6a3e nporeccopa K1879BMSA nns nmporoHa
B pexuMe "multi unit", TO Hy’)KHO 32/1aTh TOJIBKO OJTHY MOJIEJIb - 3Ta MOJIETh COJIEPKHUT B cebe
JaHHbIE JUIsI MHUIMAIM3alUK BceX 4eThIpEX oHUTOB. [lonpoOHee o pexxruMax oOpabOTKU CM.
pasnen Pexxumblr 06padotku. Hanpumep:

// NMDL_HANDLE nmdl - library descriptor created in NMDL Create.

// std::vector<float> model - compiled model data to run in "multi unit" mode.
std::array<const float*, NMDL MAX UNITS> models = {

model .data ()

bi

std::array<std::uint32 t, NMDL MAX UNITS> model floats = {

static cast<std::uint32 t>(model.size())

bi
NMDL Initialize (nmdl, NMDL BOARD TYPE NMCARD, 0, models.data(), model floats.data());

[Tocne paborsl ¢ Qynkmusivu NMDL HeoOGXomumMo OCBOOOAMTH BBIIEIEHHBIE DPECYpPCHI
BbI30BOM (hyHKIMHU aenHunmanu3anmu NMDL _Release.

8.2.10. NMDL_Process

O06paboTKa BXOAHBIX TEH30POB.

NMDL_RESULT NMDL_Process (
NMDL_HANDLE nmdl,
unsigned int unit num,
const float *framel]

* nmdl - [in] unentudukarop ’x3emmsipa NMDL

* unit_num - [In] HOMep IOHUTA HA KOTOPOM 3arryckaeTcst 00padoTka. FimeeT 3Ha4eHNE TOIBKO
npu padore ¢ moxynsmu MCI127.05, NMCard, NMMezzo wiu cUMyASTOPOM B PEKHUME
He3aBUCHUMOM o0apaboTku Ha roHuTaX. [Ipu padore c MC121.01 u NMStick, unu B pexxume
o0paboTku "multi unit" He0OX0MUMO YCTaHOBHTH 0.

* frame - [in] MaccuB, copepKamuii yka3zareau Ha Oydepbl CO BXOIHBIMHA TEH30PAMHU.

KonuuecTBo 1 reomMeTpusi BXOJHBIX TEH30POB JOJKHO COOTBETCTBOBATH 3arPyKEHHON MOJIETU
HelipoHHoU ceTH. [Ipumep BbI30OBa:

// NMDL_HANDLE nmdl - library descriptor created in NMDL Create.
// std::vector<float> input tensor 0 - first input tensor data.
// std::vector<float> input tensor 1 - second input tensor data.
std::array<const float*, 2> input tensors = {
input tensor 0O.data(), input tensor 1l.data()
ri

NMDL Process (nmdl, 0, input tensors.data()):;

8.2.11. NMDL _Release

Jennunmanu3anus NMDL.
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void NMDL_Release (
NMDL_ HANDLE nmdl

* nmdl - [in] unentudukarop ’x3emmsipa NMDL

k.
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9. OnucaHvne naeHTUpPMKaTOpPOB U
dyHkunn nmdl_compiler

9.1. UpeHTNpUKaTOpPbLI

9.1.1. NMDL_COMPILER_BOARD_TYPE

Tunel MOyJIEH.

typedef enum tagNMDL COMPILER BOARD TYPE {
NMDL COMPILER BOARD TYPE MC12101,
NMDL COMPILER BOARD TYPE MC12705
} NMDL COMPILER BOARD TYPE;

* NMDL COMPILER BOARD TYPE MCI2101 - monynu Ha 6aze CEUC K1879BM6A -
MCI121.01 n NMStick.

* NMDL COMPILER BOARD TYPE MCI2705 - monynu Ha 6aze CBUC K1879BMSA -
MC127.05, NMCard, NMMezzo n cumyasiTop.

9.1.2. NMDL_COMPILER_RESULT

Bo3Bpaiiaemslii pe3ynbTar.

typedef enum tagNMDL COMPILER RESULT {
NMDL COMPILER RESULT OK,
NMDL COMPILER RESULT MEMORY ALLOCATION ERRCR,
NMDL COMPILER RESULT MODEL LOADING ERROR,
NMDL COMPILER RESULT INVALID PARAMETER,
NMDL COMPILER RESULT INVALID MODEL,
NMDL COMPILER RESULT UNSUPPORTED OPERATION
} NMDL COMPILER RESULT;

* NMDL COMPILER RESULT OK - Het omn6oK,

* NMDL COMPILER RESULT MEMORY ALLOCATION ERROR — ommbKa BbIICIICHUS
MaMsITH,

* NMDL COMPILER RESULT MODEL LOADING ERROR — ommbKa 3arpy3Ku MOJCIH
HEUpPOHHOM CETH,

* NMDL COMPILER RESULT INVALID PARAMETER - HeBepHbIN napameTp,
* NMDL COMPILER RESULT INVALID MODEL — omu0ka B MOJIENH,

* NMDL COMPILER RESULT UNSUPPORTED OPERATION — wMozjenb COAECPKUT
HEMNOAJEPKHUBAEMYIO OIIEpaLIHIO.

L]
NMDL PyxoBoacTBO mosiap30Baresist EUFI‘:]
atrix




47

9.2. dyHKUUN
9.2.1. NMDL_COMPILER_CompileDarkNet

Komnusiiiust ucxomuoit moaenu B popmare DarkNet.

NMDL COMPILER RESULT NMDL COMPILER CompileDarkNet (
unsigned int is multi unit,
unsigned int board,
const char* src model,
unsigned int src_model size,
const char* src weights,
unsigned int src_weights size,
float** dst model,
unsigned int* dst model floats

* s multi unit - [in] dnar ucmonb3oBaHUsA pexuMa o0paboTku "multi unit" (cM. pasnen
Pexxumebl 06paboTkn). 0 - He ucnonblyercs, 1 - ucnonsiyercs. [lapameTp akTyaeH TOJIbKO
g moayneit tuna board = NMDL COMPILER BOARD _TYPE MCI12705. [Ins board
= NMDL COMPILER BOARD TYPE MCI2101 mapameTp HUrHOPHpPYETCS U MOXKET
MIPUHUMATB J1I000€ 3HaueHueE.

* board - [in] naeHTUPUKATOP TUMA MOAYAS Ui KOTOPOTO TPOU3BOAUTCS KOMITHIISALIUS
mozenu. Oano u3 3HaueHuit nepeurciaenuss NMDL COMPILER BOARD_TYPE.

* src_model - [in] Oydpep wucxomHoi ™monenu B ¢opmare DarkNet, npeaBapUTEIbHO
cuMTaHHOM U3 (aiina .cfg.

* src_model_size - [in] pazmep Oydepa ucxonHoi Mmonenu B OaiTax.
* src_weights - [in] Oydep ko uimeHToB, NpeIBapuTEIHLHO CUNTAHHBIN U3 (daiima . weights.
* src_weights size - [in] pa3mep Oydepa koapduiineHToB B OailTax.

* dst model - [out] Oydep KOMIHIUPOBAHHOW MOJENH. BeIIeneHne maMaTu IpOUCXOIUT B
byHKIUH.

» dst_model floats - [out] pazmep Oydepa kommmnpoBanHoi moaenu B float32.

9.2.2. NMDL_COMPILER_CompileONNX

Kommnunsus ucxoanoit moaenu B popmare ONNX.

NMDL_COMPILER RESULT NMDL COMPILER CompileONNX (
unsigned int is multi unit,
unsigned int board,
const char* src model,
unsigned int src model size,
float** dst model,
unsigned int* dst model floats
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is_multi_unit - [in] ¢nar ucmons3oBaHUsl pexuma o0pabotku "multi unit" (cMm. pasgen
Pexxumel 00paboTkn). 0 - He ucnonb3yercd, 1 - ucnonesyercs. [lapameTp akTyasieH TOIBKO
s moxynet Tuna board = NMDL COMPILER BOARD TYPE MC12705. dns board
= NMDL COMPILER BOARD TYPE MCI210]1 mapameTp HUrHOPUpPYETCS U MOXKET
IPUHUMATB JII000€ 3HAYCHHE.

board - [in] maeHTUGUKATOp TUNA MOAYAS Ui KOTOPOTO MPOU3BOAUTCS KOMITHIISLIUS
Mozenu. Onno u3 3HaueHuit nepeurciaenuss NMDL COMPILER BOARD_TYPE.

src_model - [in] Oydep ucxoguoi moaenu B popmare ONNX, npeaBapuTeIbHO CAUTAHHOM
u3 (aiina .onnx.

src_model_size - [in] pazmep Oydepa ucxomHoM Moenu B OaiTax.

dst_model - [out] Oydep KOMIUIMPOBAHHON Mojenu. Brinenenue naMsaTu MpoOUCXOAUT B
byHKIUH.

dst_model_floats - [out] pa3mep Oydepa kommuirpoBaHHOM Mozenu B float32.

9.2.3. NMDL_COMPILER_FreeModel

OCBO60)K,Z[€HI/IG BBII[GJ'IGHHOﬁ I[P KOMITWJIALIMK ITaMATH.

NMDL_COMPILER RESULT NMDL COMPILER FreeModel (
unsinged int board,
char* dst model

board - [in] unenTudUKaATOp TUMA MOIYNS ISl KOTOPOTO MPOU3BOAEACHA KOMIIHIISLIUS
Mozenu. Oano u3 3Hauenuit nepeuncienns NMDL _COMPILER _BOARD TYPE.

dst model - [in] ©Oydep ocBoOoxkmaemoit mamsaTu. llamsate ans  Oydepa
Oobuis  BeieneHa  npu BbeizoBe  NMDL COMPILER CompileDarkNet — wnu
NMDL_COMPILER CompileONNX.

9.2.4. NMDL_COMPILER_GetLastError

Bo3zBpaiaer KOHCTaHTHYIO CTPOKY C OITUCAHUEM TOCIICIHEH OITNOKH.

const char *NMDL COMPILER GetLastError();
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10. OnucaHue naeHTUUKaTopoB U
dyHkumm nmdl_image_converter

10.1. UpeHTUdUKaTOPLI N CTPYKTYPbI
10.1.1. NMDL_IMAGE_CONVERTER_BOARD_TYPE

Tunel Mmosysei.

typedef enum tagNMDL IMAGE CONVERTER BOARD TYPE ({
NMDL IMAGE CONVERTER BOARD TYPE MC12101,
NMDL IMAGE CONVERTER BOARD TYPE MC12705
} NMDL IMAGE CONVERTER BOARD TYPE;

. NMDL IMAGE CONVERTER BOARD TYPE MCI210] - womymi MCI21.0] wu
NMStick.

« NMDL IMAGE CONVERTER BOARD TYPE MC12705 - moxynu MC127.05, NMCard
U CUMYJIATOP.

10.1.2. NMDL_IMAGE_CONVERTER_COLOR_FORMAT

Wnentudukarops! popmara nukcesns. ONUCHIBAET MOPSIOK CIICTOBAHUS IIBETOBBIX KOMIIOHEHT
RGB B mukcerne.

typedef enum tagNMDL IMAGE CONVERTER COLOR FORMAT {
NMDL IMAGE CONVERTER COLOR FORMAT RGB,
NMDL IMAGE CONVERTER COLOR FORMAT RBG,
NMDL IMAGE CONVERTER COLOR FORMAT GRB,
NMDL IMAGE CONVERTER COLOR FORMAT GBR,
NMDL IMAGE CONVERTER COLOR FORMAT BRG,
NMDL IMAGE CONVERTER COLOR FORMAT BGR,
NMDL IMAGE CONVERTER COLOR FORMAT INTENSITY,
} NMDL IMAGE CONVERTER COLOR FORMAT;

10.2. dyHKUUMN
10.2.1. NMDL_IMAGE_CONVERTER_Convert

Iloarororka I/I306pa)KCHI/I$I.

int NMDL IMAGE CONVERTER Convert (
const char* src,
float* dst,
unsigned int src size,
unsigned int dst width,
unsigned int dst height,
unsigned int dst color format,
const float rgb divider([3],
const float rgb adder[3],
unsigned int board type
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* src - [in] 6ydep ¢ ob6pazom ucxoaHoro nzodpaxenus. Coaepxxkumoe Oydepa COOTBETCTBYET
comepkumMoMy (aitma m3zoOpakenus. M3o0pakeHuss MOTyT OBITh TPEICTABICHBI B

dbopmarax .bmp, .gif, .jpg u .png.

* dst - [out] Oydep amsa moaroToBieHHOTO H300pakeHus. [lamsaTe mis Oydepa momKHA
OBITh NIpEIBApUTEIHLHO BbIeneHa. Pa3mep Oydepa momkeH ObITh HE MEHINE 3HAYCHUS,
Bo3Bpamaemoro ¢pyaknueir NMDL IMAGE _CONVERTER RequiredSize.

* src_size - [in] pa3mep Oydepa ucxonHoro n3o0paxeHus B OaiiTax.
* dst width - [in] muprHA TOATOTOBIEHHOTON300PaKEHHUS.
* dst_height - [in] BbICOTa MMOATOTOBIEHHOTON300paXKECHHUS.

* dst color format - [in] wuneHtudukarop Qopmara TNHKCENsS MOATOTOBICHHOTO
U300paKEHHS. OnHo u3 3HAUCHUM MEPEUNCIICHUS
NMDL _IMAGE _CONVERTER _COLOR_FORMAT.

* rgb divider - [in] nenurtens B BeIpaxxeHun dst = src / divider+ adder. IlpuBenénnas
Olepanusi BBINIOJNHACTCS HaJ| KaHAIAMH KaKIOTO IUKCENS HCXOIHOTO H300pa)KeHUs.
rgb divider[0] - mms kpacHoro kanama, rgb divider[l] - s 3enéHoro kanana,
rgb _divider[2] - s romy6oro kaHana.

* rgb adder - [in] cnaraemoe B BblpakeHun dst = src / divider+ adder. IlpuBenénnas
orepalusi BBIIOJHAETCS HaJ| KaHAJIaMU KaKIOro IHUKCENs HCXOIHOTO H300pa)KeHus.
rgb_adder[0] - nuis kpacHoro kanana, rgb_adder[1] - ans 3enénoro kanana, rgb_adder[2] -
U1 TOJTyOOro KaHaja.

* board type - [in] wuAeHTUGUKATOp THUMA  BBIYMCIMUTEIBHOTO  MOAYJAS  Ha
KOTOpOM  mpeamnoyiaraetcss  oOpaborka. OmHO W3  3HAYCHHNA  MEPEUUCIICHUS
NMDL IMAGE CONVERTER BOARD TYPE.

Jlnst  w3o0pakeHMii ¢ rpamanmmed  ceporo, korma moie  dst color format =
NMDL IMAGE CONVERTER COLOR FORMAT INTENSITY, w#cronas3yroTcsi TOJNBKO
nenutenb rgb_divider[0] u cnaraemoe rgb adder[0]. Octanpabie menutenu ( rgb divider[1]
u rgb_divider[2]) u cmaraembie (rgb _adder[1] u rgb adder[2]) urHopupytoTCS U MOTYT OBITH
YCTaHOBIICHBI B JIIOOBIC 3HAYCHUSI.

B03BpamaeMoe 3HadyeHwue: 0 - HOPMAJIbHOC 3aBCPUICHUC, -1 - omm6kKa.

10.2.2. NMDL_IMAGE_CONVERTER_RequiredSize

BosBpamaer pasmep Oydepa B osnemenrax float32 nns XpaHEHHWs MOATOTOBICHHOTO
n300paKeHHUS.

int NMDL IMAGE CONVERTER RequiredSize (
unsigned int dst width,
unsigned int dst height,
unsigned int dst color format,
unsigned int board type
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dst_width - [in] mupuHa TOATOTOBICHHOTON300paKEeHUSI.
dst_height - [in] BpICOTA ITOATOTOBICHHOTON300paKEHUSI.
dst_color format - [in] wunentudukatop GopMara MHUKCENs IMMOATOTOBIECHHOTO

n300pakeHHUs. OnHo u3 3Ha4EeHUN MIEpPEYUCIICHUS
NMDL IMAGE CONVERTER COLOR FORMAT.

board type - [in] wugeHTUPUKATOP  TUMA  BBIYUCIMTEIHLHOTO  MOMYJISl  Ha
KOTOpOM  mpeamnoyiaraercs  oOpaborka. OmHO W3  3HAYCHHH  MEPEUUCIICHUS
NMDL IMAGE CONVERTER_BOARD TYPE.

Bo3sBpamaemoe 3nauenue: 0 - HOpMallbHOE 3aBEpILICHHUE, -1 - ommoKa.
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