BbiCTpoe Havyano pa6botbl ¢ VTune.
0630p HOBMHOK DSP.

!'_ Super-Resolution ana ToF-kamep

tOpun bepaHukoB

Video Group
CS MSU Graphics & Media Lab



CopaeprkaHue gokaaa

= bBbicTpoe Havyano paboTbl ¢ VTune

= 0630p NVIDIA Tegra 250

= 0630p pewenun TI DaVinci

= Spatial-Depth Super Resolution for Range Images

s LidarBoost

CS MSU Graphics & Media Lab (Video Group)



bbicTpoe Havano paboTkl ¢ VTune

[loyemy VTune?

= [lpocToTa «nepBoro wara»

- ®
=  KoppeKkTHas pa60Ta C MHOrodaepHbiMn " l n tel

MHOrOMNpoLeCCOPHbIMN CUCTEMAMMU
= OpueHTaumsa Ha npoueccops! Intel
= [lopaepxka .NET — npunoxeHum
= [lopaepxka 32- n 64-6UTHBIX NPUNOXEHNI
= WHTerpaums B Visual Studio

= [logaepxka JIT-koda

CS MSU Graphics & Media Lab (Video Group)



bbicTpoe Havano paboTkl ¢ VTune

Onuwnun npoekTa Visual Studio

Configuration: |Relzase

» - _ommon Properties
4 - Configuration Properties
General
Debugging
F R
General
Optirization
Preprocessar
Code Generation

|:| Platform: | Ackive(Win3z) |:|
Additional Include Directories
Resalve #using References
Debug Information Format
Suppress Skartup Banner Yes o
Warning Lewvel Level 3 {/'W3)
Detect 64-bit Portability Issues Yes (/YWpb4)
Treat Warnings As Errars Mo
Jse UMICODE Respons Yes

“Program Database for Edit & Continue” MoxeT Bbl3BaTb HEBEPHOE
COMOCTaB/IEHNE CTPOK MCXOAHOrO Koaa M acceMbnepHbIX KOMaHAa

» - Zammon Properties
4 - Caonfiguration Properties
General
Debugging
R e
4 - Linker
General
Inpuk
Manifest File
Debugging

Suackarn

Gaenerate Debug Info
Gaenerate Program Database File
Strip Private Symbols

i argetMame). pdb

Gaenerate Map File Mo
Map File Name
Map Exports Mo

Debuggable Assembly Mo Debuggable attribute emitked

CS MSU Graphics & Media Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP



bbicTpoe Havano paboTbl ¢ VTune

Co3pgaHune npoekta VTune Performance Analyzer

"R Gick Performance Analysis (QPA)

application to Launch: [ Mo Application to Launch

Warking Directany:

Comrmand Line Arguments;

v Collect zampling data

I Collect counter monitor data

I Collect call graph data

Hint;

Specity executable that launches the modules you wigh b0 analyze.
To collect call graph data, you need to zpecity an application to launch.

Go I Cancel

Help

CS MSU Graphics & Media Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP



bbicTpoe Havano paboTkl ¢ VTune

TpaKTOBKa pe3ynbTaToB aHaM3a

BE y &g HEE@ | [ | B process 5] Thread | ] Module &1 Hotspot B source || X

GRAPHICS & MEDIA LAB
VIDEO GROUP

u b adule Event:  © | &=l
VI M MOD‘ynﬂ | 15 > hal.dl | | | I Er;ir:;cks zamples(95 | T4D'l:365|3 |:||:||
£ : ples(35] :
2z Ingtructions Retired zamples(33) 4 638.00
o Kon N4ECTBO Clockticks eventz33) B 821 2.
ntdll.dll LKNone3HblxX>» Clockticks %[95] 43.00
Ingtructions R etired events(55] B avZE.
b Ny KOMaHA Instuuctions Reted %(35) 4220
Kon-Bo U‘MKHOB W’ ‘ Cycles per Retired Instruction - CPI[S5) 093
Ha MOJIE3HYIO - I
KOMa H‘D‘y Depthmaplonzole.exe |H
B opticalflove_dil.
MeHblLUe - ny4we b octoafion dLdl
40.00 E0.00 g0.00 4 | 1} t
| ] | Event | Activity 1D | Scale | Sample After Value | Total Samples | Duratior
KonnyecTtso 11 4 Clockticks 95 0.00000001000=  146E000 9594
Instructions Fetired 95 000000007000 1 46E000 10852
L K/10B 1.00000000000. 0 0
F

Cycles per Retired Instruction - CPl 95
4 | 1]

105 items, 3 events, 1 item(s) selected,
Sampling Modules - [C\Documentz and Sellings\RootWpplication Da...l Sampling Hotzpots - [CDocumerts and Setings\Roatlpplication 0.

|F'.II Process

wll Thread

CS MSU Graphics & Media Lab (Video Group)

6
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http://software.intel.com/en-us/forums/showthread.php?t=43900
http://software.intel.com/en-us/forums/showthread.php?t=43900
http://software.intel.com/en-us/forums/showthread.php?t=43900

bbicTpoe Havano paboTkl ¢ VTune

CS MSU Graphics & Media Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP
AHann3 Ha ypoBHe NUCXOAHOro Koaa
== RBRR L% 27 55D
Lddress Line| Jource |ClDCk Instr =
Ox185844: 454 for (x = 0; ®x < kernel size; ++x]) 1z 13
i
455 i
456 index = first pixel shift + [y - radius + y _pos) *
457 A caloulating difference for each pixel:
455 y_diff = b frame[index] - v _wvalue;
3pcer ﬂBHO 459 u diff = b frame[index + b _width * b height] - u vz
nopa6OTan —_— 460 v _diff = b frawe[index + b_width * b height * Z] -
461 A4 maloulate mean sbsolute difference
OI'ITVIMM3aTO|3 462 diff = [(ppbs_data.abs precale[y diff] + ppbs data.:
455 prhs_data.abs precalc[v _diff]) / 3:
464
485 S write corresponding valus to kernel
Ox138E0: 466 color kernel[ysize + x] = ppbs data.thresh precalc[i1,471 2,502
467 B
Ox13904: 465 ySize+=kernel size; 20 46
459 B '
Ox15921:470 B
A1 R
1 |4 | ] [ B[4 [ 2
Function 3wuanary Wed Apr 07 19:33:11 2010 - Sampling Fesults
Address |(Sise Function Cla=z=z |Clockticks (95) | Instructions Retired (95) (C.
—————————— —-—- Zelected Range --——- |————-
— 0x137D0O| O0x155|CreateColorkKernel 1 517 2 576 0.
Cnncok 7
w 4 O0x18960| OxZZE|Bilaterallfmoothingompl 1 358 1 682|0.
byHKUMM
4 | ] F




CopaeprkaHue gokaaa

= bbICcTpoe Havano pabotkl ¢ VTune

= 0630p NVIDIA Tegra 250
= CrpoeHue
= AHOHCMPOBAHHbIE YCTPOUCTBA

= Developer s Kit
= 0630p pelwennmn TI DaVinci
= Spatial-Depth Super Resolution for Range Images

s LidarBoost

CS MSU Graphics & Media Lab (Video Group)



NVIDIA Tegra 250

O630p

= 3aMeHa npeabiaywmnx nokoneHnn Tegra

=  OpueHTaums Ha HeTbykKn, cMapToyKn,
NHTEPHET-MNNAHLIETLI, BUAeonneepsbl

= 4X-KpaTHbIN NPUPOCT NMPON3BOANTENbHOCTY 2 et
Npwn TOW XKe& MOLLHOCTM

= [exkoauposaHue 1080p H.264/VC-1/MPEG-4

= KoauposaHue B peanbHOM BpeMmeHn 1080p H.264

= [logaepxka kamep c paspeweHnem go 12 Ml

= [loaaepxxka napannenbHou paboTbl ABYX AUCIIEEB

= AnnapaTHoe yckopeHue Adobe Flash Player 10.1

= OduumanbHbIN «nakeT pa3paboTymka»

-
L) o
- se e

LR N

* -

CS MSU Graphics & Media Lab (Video Group)



NVIDIA Tegra 250

CTpoeHue

= [IByxbsiaepHbin ARM Cortex-A9 MPCore
= [lollTy
= 40 HM, 49 MM2, 240 M/TH TPaH3MCTOPOB
= [logaepxxka 32-bit LP-DDR2, DDR2

= ULP NVIDIA GPU
= YABOEHHada Npoun3BOAUTENIbHOCTb
= noaaepxka OpenGL ES 2.0

= OTtaenbHble npoueccopsl ans 06paboTku
HD Video, n3obpa)keHun n ayamno

= AnnapaTtHaqa noaaepxxka AAC, AMR,
WMA, MP3 1 gpyrmnx ¢oopmMaToB

= WHTepdencol VGA, HDMI ao 1920x1080
= Bbixog PAL/NTSC

10

CS MSU Graphics & Media Lab (Video Group)



NVIDIA Tegra 250

AHOHCMpPOBaHHble ycTponcTBa: Compal

7" aKpaH

14 yacos FullHD
6e3 noazapsaku!
OC Android 2.0

= Pe3ncTtuBHbIN
TQUCKPUH

0630p koHpepeHuun CIS, http://itc.ua/taxonomy/term/54/ 11

CS MSU Graphics & Media Lab (Video Group) SiHBapb 2010


http://itc.ua/taxonomy/term/54/

NVIDIA Tegra 250

AHOHCMPOBaHHbIe YCTpoUCTBa: Mobinnova Beam

- - - | 06 CIS, http://itc.ua/t [term/54/ 12
CS MSU Graphics & Media Lab (Video Group) HHSQE,,"SS‘P; per b/t ajtaxonomy/term



http://itc.ua/taxonomy/term/54/

NVIDIA Tegra 250 Developer Kit

Obuwee onucaHue

= (CB43b C KOMMblOTEPOM Yepe3 USB
= 17BbRAM
= 512 MBb flash-namatu
= FEthernet —
= Wi-Fi .

Bluetooth n\” D l /A
= Audio In/Out
= USB-Host koHTponnep
= SD(HC) cnot

= 3 KHOMKW ynpaBfieHus

= JlononHuTenbHad nnata C I,EI,Y6J'II/I[.')OBaHl/IEM KHOMNOK, KOHTPOJ1IbHbIMU
cBETOAMOAaMU N NOC/IEAOBATE/IbHbIM MNMOPTOM AJ1A OTJ1aAKUN

. . . NVIDIA Tegra 250 Developer Kit 13
CS MSU Graphics & Media Lab (Video Group) 5 qware Introduction and Setup



NVIDIA Tegra 250 Developer Kit S

OcHOBHag nnaTa

HDMI
jack WiFi Antenna

15V power

VGA
USB mini (CRT) jack

jack

SD Card -
slot

jack

Tegra chip

Power
LEDs

Ethernet , ¢
jack \ i 7cT] Do B TE st . USB-A
: % : Bl jack
Dual USB- | % =
A jacks :
Expansion board
/ . connectors
Headphone g T
jack
“ACOK"”
DA
Microphone Fones configuration switch
jack button
Recovery
Reset
button
button

. . . NVIDIA Tegra 250 Developer Kit 14
CS MSU Graphics & Media Lab (Video Group) 5 qware Introduction and Setup



NVIDIA Tegra 250 Developer Kit

JlonosiHuTenbHas naaTa

Simulated lid
switch

Power, reset,
recovery

buttons

Dual ribbon
cables to

main board

UART
serial port [RoHS|

)

@2 Wifi, BT, etc

status LEDs
NVIDIA.

Not For EMC Testing

,
L (R

DLt WiFi switch

CS MSU Graphics & Media Lab (Video Group) i oo conel Xt

Hardware Introduction and Setup

GRAPHICS & MEDIA LAB
VIDEO GROUP

15



CopaeprkaHue gokaaa

= bbICcTpoe Havano pabotkl ¢ VTune

= 0O630p NVIDIA Tegra 250

= 0630p pewenuni TI DaVinci

= Spatial-Depth Super Resolution for Range Images

TMS320C550x
OMAP35x
OMAP-L1x
TMS320C674x

CpaBHeHMe npoLeccopoB

= LidarBoost
CS MSU Graphics & Media Lab (Video Group)

16



Texas Instruments DaVinci e

O630p pelueHumn

[1poLeccopsbl C
0cob0 MasbIM

notpebneHnem
(TMS320C550x)

[poLeccopbl BbICOKOM
NpOM3BOANTENBHOCTY
(OMAP35x)

DAVINCI

TEXAS INSTRUMENTS

[poLeccopbl BbICOKOW lpotleccope! Ans

BblYMNCIEHNI
MHTErpaLliin NOBbILLEHHOW TOYHOCTHU
OMAP-L1x
( ) (TMS320C674x)
Texas Instruments Product s Overview 17

CS MSU Graphics & Media Lab (Video Group)  ,y.//www.ti.com/hdr b products
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Texas Instruments DaVinci o

O630p pelueHumn

[1poLeccopsbl C
0cob0 MasbIM

notpebneHnem
(TMS320C550x)

[poLeccopbl BbICOKOM
NpOM3BOANTENBHOCTY
(OMAP35x)

DAVINCI

TEXAS INSTRUMENTS

[poLeccopbl BbICOKOW lpotleccope! Ans

VIHTErPaLInM NOBbI EJI:’GI:EIZJ;Ie::‘THOCTM
OMAP-L1x
( ) (TMS320C674x)
Texas Instruments Product s Overview 18

CS MSU Graphics & Media Lab (Video Group)  ,y.//www.ti.com/hdr b products



http://www.ti.com/hdr_p_products

Texas Instruments DaVinci

[poueccopsl ¢ 0cob60 ManbiM noTpebneHnem: TMS320VC5505

O6nacTb NpUMEHeHWs: 6eCrpoBOAHbIE @
ayamoycTpouctea, 06paboTka 3BYKa,

MéiMuY/IH:, 6MOM€Tpl/12 ! TEXAS
C55x DSP, 60..100 MI'y
Onepaunn ToNbKOo € PUKCUPOBAHHOM TOYKOW
[0 2 NHCTPYKUMN 3@ LUK -
2 moaynsa ymHoxeHus (ao 200 MMACS)
2 AJTY

AnnapatHoe 1024-Touye4yHoe FFT

320 Kb RAM MrHoBeHHOro gocrtyna
128 Kb ROM MrHoeseHHOro Aocryna prexas
KoHTponnep DMA, 16-Hbih EMIF

2 KoHTponnepa SD/MMC

TMS320VC5505 Datasheet

CS MSU Graphics & Media Lab (Video Group) v //www.ti.com/

INSTRUMENTS

19


http://www.ti.com/

Texas Instruments DaVinci e

[poueccopsl ¢ 0cob60 ManbiM noTpebneHnem: TMS320VC5505

= KoHTponnep USB 2.0 i
= 10-6utHbIN LIAT b TEXAS
= BcTpoeHHbIlt BootLoader INSTRUMENTS

= KOHTponnep nocnegoBaTesibHOro nopra
= KoHTtponnep LCD -
= 3 32-6UTHbIX TalMepa DSP
= 26 NporpaMMupyembIX BbIBOAOB o 1MS3206550x
= PWM-KoHTpONNep

- g

i3 TEXAS

s [lutaHme: 1.08 ... 3.3V INSTRUMENTS p
= B3anMHag n3014Uund UCTOYHNUKOB NMUTAHUA |

= CaMoe Hu3Kkoe noTpebneHune B cBOEM Kknacce (150 MkBT B cnsiwem
pexume u 15 MBT npu NonHOM 3arpy3ke)

CS MSU Graphics & Media Lab (Video Group) 1o v wony et 20



http://www.ti.com/

Texas Instruments DaVinci =

[poueccopsl ¢ 0cob60 ManbiM noTpebneHnem: TMS320VC5505

DSP System
JTAG Interface C55x™ DSP CPU
Input PLL/Clock FFT Hardware
Clock(s) ™1™ Generator Accelerator
— 64 KB DARAM
W t
T 256 KB SARAM
Pin
Multiplexing 128 KE ROM

L ¢

Switched Central Resource (SCR)

s

Peripherals
Interconnect Serial Interfaces System
- A o~
s v \
DMA I°s 2 GP Timer | | &P Timer
(x4) (x4) e SP AT RTC (x2) and/or WD
App-Spec Display Connectivity Program/Data Storage
I 5 — o
rd w0 Y i M
10-Bit LED USE 2.0 NAMD, NOR, MMC/SD
S il |

Figure 1-1. TMS320VC5505 Functional Block Diagram

CS MSU Graphics & Media Lab (Video Group) 1o v wony et 21
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Texas Instruments DaVinci >

O630p pelueHumn

[1poLeccopsbl C
0cob0 MasbIM

notpebneHnem
(TMS320C550x)

[poueccopbl BbICOKOM
NpOM3BOANTENBHOCTY
(OMAP35x)

DAVINCI

TEXAS INSTRUMENTS

[poLieccopbl BbICOKOM N[pOUEEEe=l

BblYMNCIEHNI
MHTErpaLliin NOBbILLEHHOW TOYHOCTHU
OMAP-L1x
( ) (TMS320C674x)
Texas Instruments Product s Overview 22

CS MSU Graphics & Media Lab (Video Group)  ,y.//www.ti.com/hdr b products
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Texas Instruments DaVinci e

[poueccopbl BbICOKOW npounsBoanTenbHoctn : OMAP3530

CS MSU Graphics & Media Lab (Video Group)

CaMbi MOLLHbIM NPOLIECCOP B SIMHENKE

O6CJ|'IDaCTb anMeHeHMﬂ_:I_ ;asmraTopbl, Q’ TEXAS
nbposble kamepbl 1 TB, rposblie

I;-/lCTpIco)Vlcma, <<YMI?-IbIl7I LI,OM»,pToprOBble INSTRUMENTS
aBTOMaThl

ARM-gaapo

DSP-conpoueccop

Moaynb B3anMOAENCTBUS C KaMepPOW
MHOXeCcTBO MHTepdENCoB =

Hu3koe notpebnenue (815 MBT npu nonHou
3arpyske)

OMAP3530 Datasheet 23
http://www.ti.com/
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Texas Instruments DaVinci e

[poueccopbl BbICOKOW npounsBoanTenbHoctn : OMAP3530

{i’ X/

 onean INSTTF]::UMENTS
Floating-point SIMD

= [IMHaMmnyeckoe npeackasaHne BeTBEHUS

= 112 Kb ROM
= 64 Kb pa3genseMon namMaTtu

= KoHTponnep BHewHen SDRAM

= NEON ™ SIMD-conpoueccop

= Enhanced DMA (128 kaHanoB)

= [padpunueckmmn conpoueccop POWERVR SGX ™
= [lMKCenbHbIE N BEPLUMHHbIE LIENAEPDI

= OpenGLES 1.1 n 2.0, OpenVG1.0

= AnnapaTHbi aHTUAIMACUHI

CS MSU Graphics & Media Lab (Video Group) ﬁ&“ﬁi’fj@ﬁiﬂi‘fa #

= /20 MI'y ARM Cortex-A8
= CynepckangpHasa apxuTekTypa



http://www.ti.com/

Texas Instruments DaVinci =

[MpoLieccopbl BbICOKOW nponsBoanTenbHocT : OMAP3530

= 520 MI'y C64x+ DSP

= 3 KOHTponnepa SD/MMC

6 32-6uTHbIX AJ1Y, 0O 4 KOMaHA 3a UMK

'b TEXAS
16 G oo 3a wn INSTRUM ENTS
64 32-6uaHbIX perncrpa

«YCNoBHOE» BbIMOJIHEHNE BCEX UHCTPYKLINM
YnakoBKa MHCTPYKLUK

32 Kb L1-k3wW KoMaHpg

80 Kb L1-k3wWw AaHHbIX
128 Kb o6mvw1 L2-K3LW

OMAP3530 Datasheet 25

CS MSU Graphics & Media Lab (Video Group)  p.//www.ti.com/
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Texas Instruments DaVinci o

[poueccopbl BbICOKOW npounsBoanTenbHoctn : OMAP3530

= O6paboTka M306paxxeHnn ¢ Kamepbl

=  WHTepdencol CCD n CMOS-Imager ¢ TEXAS

= [logaep>xka 8- n 10-6UTHbIX AaHHbIX INSTRUMENTS

= Moaynb 6bICTpOro NpeanpocMoTpa

= Moaynu BblYUCNIEHNS TUCTOMPaMMBI, V.

6anaHca 6enoro, aBTodokyca ' \

= Moaynb U3MeHEHUs pa3Mepa n3obpaxxeHus | /,
= [loacucrtema oTobpaxkeHus

= [lapannenbHbivi BbIBOA

= /[lo 2 LCD-aucnnees

= 24-bit RGB

= 2 UAMN(BbiBoag NTSC/PAL/S-Video)

= 8-buTHOEe anbda-cMewmnBaHmne

= KOHBepTaums UBETOBbLIX MPOCTPAHCTB

CS MSU Graphics & Media Lab (Video Group) ﬁ&“ﬁ?ﬁj@&?ﬁfﬂfa 20
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Texas Instruments DaVinci

GRAPHICS & MEDIA LAB
VIDEO GROUP
\Y/
| ]
[poueccopsbl BbICOKOM npounssoantenbHocTh : OMAP3530
OMAP Applications Procassor CVES
ar
LED Panal 5-Video Camara
(Parallal)
MPU
IVA 2.2 Subsystam
TMS320DMG4x+ DSP Subsystem Amp I 3

Imaging Video and ARM Cortax-

Audio Processor AR™ Cora I Parallall I i I Camera HS USE
32K/32K L15 16K16K L1§ ol Host
48K L1D RAM c';";gfa {with

G4K L25 Dual Output 3-Layar USB
32K L2 RAM F*D;'éiﬁlufﬂ l::h;u Display Processor HT:awara TTL)
16K L2 ROM 1 1 Granhics el (1xGraphics, 2xVidao) Pi ge HS

Video Hardware s pceatormer || Sistem Temporal Dithering oatine usBe
Accalarators 256K (3530 only) SDTV — QCIF Support Praviaw oTG

s Ak J - J 4 E A 3 A L
“"* 64 4. 32 “"~ 64 4. 64 T3z 32z Tazfaz 32 Tee 32
I Asyne I Asyne I
- -
T 64 4 a2 T 64 4. 64
¥ L J r r L - L J "
| L3 Interconnect Network-Hierarchial, Parfermance, and Powar Drivan I
.
:: 32 ';;‘32 :‘54 ‘”‘:32 T a2 ‘1: a2
B4K 112K SMS: L4 Intarconnact |
On-Chip On-Chip SDRAM GPMC:
RAM ROM Meamory Ganaral
2ZKB BOKE Schadular/ Purposa ) Systam
- - Paripharals:
P ublic/ Sacura/ Rotation Mamory irely Controls
62KB 32KB T Controlier WUIART, 3xHigh-Speed 12C, PRCM
T™
Secars BOOT NAND/ (2x with Sidetone/Audio Buffar) 2SmartReflex
SDRC: NOR 4xMeSPI, 6xGPIO, Control
SDRAM Flash, axHigh-Spaad MMC/SDIO, Module
Mearma ry SRAM HDQ1 Wire,
Controller 2xMailboxes
12xGPTimars, 2xWDT, Extarnal
32K Sync Timear (*+ Paripherals
Intarfacas
. = Emulation
Extarnal and - Dabug: SDTI, ETM, JTAG,
Stacked Memorias Corasight™ DAP
OMAP3530 Datasheet 27

CS MSU Graphics & Media Lab (Video Group)
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Texas Instruments DaVinci o

O630p pelueHumn

[1poLeccopsbl C
0cob0 MasbIM

notpebneHnem
(TMS320C550x)

[poLeccopbl BbICOKOM
NpOM3BOANTENBHOCTY
(OMAP35x)

DAVINCI

TEXAS INSTRUMENTS

[poLeccopbl BbICOKOW lpotleccope! Ans

VIHTErPaLnM NOBbI EJI:’GI:EIZJ;Ie::‘THOCTM
OMAP-L1x
( ) (TMS320C674x)
Texas Instruments Product s Overview 28
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Texas Instruments DaVinci =

[poueccopbl BbICOKOW MHTerpaumm : OMAP-L138

CS MSU Graphics & Media Lab (Video Group)

300 MI'y ARM926EJ-S RISC

= 32- N 16-6UTHbIE UHCTPYKLUMUMN JU’ TEXAS

= Habop komaHa DSP
= TexHonorus otnagkn EmbeddedICE-RT INSTRUMENTS

300 MI'u C674x VLIW DSP

= PaclumpeHHblin Habop MHCTPYKLNI
P p pyKu o e

(koMbuHaumsa komanp Co4x+ n C67x+) | 200 T
= 2400 MIPS, 1800 FLOPS
= 16-OUTHbIE NHCTPYKLMNK Xip TS vents o3 Foss
ApxutekTypa namMatm — ARM9 DSP —"

TMS320C674g

L1 kaw aaHHbIX - 32 Kb
L1 kaw kKoMaHAa - 32 Kb
O6wmm k3w L2 — 256 Kb
1 Mb boot ROM

"i‘ TExas
INSTRUMENTS

Texas Instruments Product s Overview
http://www.ti.com/hdr p products

29
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Texas Instruments DaVinci
[poueccopbl BbICOKOW MHTerpaumm : OMAP-L138
= Floating-Point VLIW DSP Core

= 128K-Byte RAM Shared Memory {i’ TEXAS
= KoHTponnep LCD INSTRUMENTS

= 2 KOHTponnepa MMC/SD

= Enhanced Direct-Memory-Access Controller (EDMA3)

= [loacucrteMa peanbHOro BpeEMEHU

= 2 MHOroKaHasnbHbIX bydepn30oBaHHbIX NOCneaoBaTeNbHbIX NOPTa
= 100 M6ut/c Ethernet MAC

= Universal Parallel Port

= SATA KOHTponnep

= 3 64-6UTHbIX TanMepa

. - . MAP-L138 Low-Power Applications P
CS MSU Graphics & Media Lab (Video Group) ﬁttp:/,wvf\z_t%m?wer Ppiications Frocessor 30
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Texas Instruments DaVinci

[Mpoueccopbl BbiICOKOW MHTErpauun : OMAP-L138

1 JTAG Interface ARM Subsystem DSP Subsystem
System Control
ARMI2EEJ-S CPU CET4x™
I PLLClock With MMU DSP CPU
nput
—#| Generator
Clocki(s) WiOSC
4KB ETB AET
Ge I-
Pu::;‘:e 16KB 16KB 2KB TKB
Timer (x3) Power/Sleep FCache | D-Cache|lf| L1 Pgm | L1 RAM
Controller
BKB RAM
RTC/ (Vector Table) HEKE L2 RAM
32-kHz Pin
osc Multiplexing | ekerom ||| 10248 L2 ROM |
Switched Central Resource (SCR)
Peripherals
DMA Audio Ports Serial Interfaces Display deo Parallel Port Internal Memory Customizable Interfacy
AN A\
/_/\_\ /_/\jf /_/\_\ /_/\_\ /_/\_\ /_/\ﬂ ; N
EDMA3 McASP McBSP 12c SPI UART Lco VPIF UFP 128KB PRU Subsystem
(x2) wiFIFO ix2) x2) (x2) (x3) Ctir RAM
Control Timers Connectivity External Memory Interfaces
AN FAY A
A4 N S A}
UsB2.0 UsB1.1 EMAC MMC/SD EMIFA{BbM1EB)
el | g oTG Ctir| | oHCICtir | | 101100 | MDIO || HPI @b) || sata NAND/Flash || PERZMDDR
BHY PHY (MILRMIT) ix2) 16b SDRAM
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OMAP-L138 Low-Power Applications Processor
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Texas Instruments DaVinci o

O630p pelueHumn

[1poLeccopsbl C
0cob0 MasbIM

notpebneHnem
(TMS320C550x)

[poLeccopbl BbICOKOM
NpOM3BOANTENBHOCTY
(OMAP35x)

DAVINCI

TEXAS INSTRUMENTS

[poLeccopbl BbICOKOW lpotieccope! Ans

VIHTErPaLInM MOBbLI I?Ulael::gjl;'le::‘-ll/lHOCTM
OMAP-L1x
( ) (TMS320C674x)
Texas Instruments Product s Overview 32
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Texas Instruments DaVinci o

[poueccopbl A9 BbIYUMCIEHUI NOBbILLEHHOW TOYHOCTU : TMS320C6747

= 06nacTb NpUMEHEHUS: ayANOTEXHWMKA,

6bICTpoe (ae)koanpoBaHMe CUrHasnos, *” TEXAS

USB- 1 ceTeBoe obopyanoBaHue

= 200 nnm 300 MI'y C674x VLIW DSP INSTRUMENTS

= SP u DP floating point

= 6ANTY 3
TMS320C6747
= 2 YCTPOUCTBA YMHOXEHUS
o
= AnnapaTHOEe YCKOpeHMe LMKIIOB & Dsp o
TMS320C6745 OMN
=  OnTuMmnanposaHHasa 0bpaboTka | owe A
OLIMOOK 1 nepexoaos Bl Vs

= Bce MHCTpyKuMn «ycnoBHble»
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Texas Instruments DaVinci

[poueccopbl A9 BbIYUMCIEHUI NOBbILLEHHOW TOYHOCTU : TMS320C6747
= Kaxpoe AJTY:

4 SP-cnoXxeHus 3a UMK ¢ TEXAS
4 DP-cnoXxeHus 3a 2 umkia INSTRUMENTS

= Kaxxgoe yCTpOMUCTBO YMHOXEHUS:
2 SPxSP->SP 3a unkn
2 SPxSP->DP 3a 2 umkna
2 SPxDP->DP 3a 3 uukna
2 DPXDP->DP 3a 4 uukna DSP

= Onepaunn ¢ GUKCMPOBAHHON TOUYKOWN:
2 32bit-yMHOXeHNS 3a UMK
4 16bit-yMHOXEHUS 3a UMK i§ Texas _
. v INSTRUMENTS
8 8bit-yMHOXeHUM 3a UuKn

= Onepauun ¢ NnaBaoLWEN TOUYKOM

TMS320C674x
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Texas Instruments DaVinci

JTAG Interface DSP Subsystem
System Control
CET4x™
Input PLL/Clock DSP CFU
Clock(s) —» Generator
wiOSC
AET
General-
Furpose 32KB || 32KB
L1P L1 RAM
Tmar Power/Sleep gm
. Controller
oyt 256 KB L2 RAM
Timer ;}ﬁ Pin
(Watchdog) CII-SGZ Multiplexing | 1024 KB L2 ROM |

Q)

@

GRAPHICS & MEDIA LAB
VIDEO GROUP

[MpoLeccopbl AnS BbIYUCIEHNA MOBbILLEHHON TOYHOCTU : TMS320C6747

Switched Central Resource (SCR)

0

i

0

i

ir

FPeripherals
DmMA, Audio Ports Serial Interfaces Display nternal Memory
™ Al AN M, M,
/ A}
McASP e SPI UART LCD
128 KB
GFIO EDMA3Z wr:;I:’O (2) i2) i3) Ctir RAM
Control Timers Connectivity External Memory Interfaces
M AN
/ Yoo NS )
UsB2.0 UsB1.1 (10M100) EMIFA(BL/16B) EMIFB
*"Hr‘;;;” M B?B‘?F "?ﬁp oTG ctir| | oHci ctir || EMAC | MDiO || HPI MTS‘:;]SD NAND/Flash | | SORAM Only
PHY PHY (RMII) 16b SDRAM (16b/32h)
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TMS320C6747 Datasheet
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Tegra 250 1 DaVinci

CpaBHEHME CEMENCTB MpPOoLECCOPOB

CeMeNCTBO BbiBOAbI
(?) pacnpocTpaH&HHOCTb, 3aKpbITOCTb Ansg cBob6oaHOro OueHb nepcrnekTuBHas
NVIDIA Teara 250 (PYHKUMOHANbHOCTb, BO3MOXHOCTb A0CTyNa nHdpopMaummn 1 cpeacTs pa3paboTka. NVIDIA ymeeT
9 MCNob30BaHMSA rOTOBbLIX HAapaboToK pa3paboTkn YUMTbCS Ha owmbKax

Aana sugeokapt NVIDIA

Manoe notpebneHne sHeprum, Mnoxas NpUcnocobeHHOCTb K BO3MOXXHbI TONBLKO NPOCThIE
TMS320C550x HU3Kas LeHa 06paboTke rpauUecknx AaHHbIX | aNrOPUTMbI, HO XOPOLLO MOAXOAWT
AN MANTIOMOLLHBIX YCTPONCTB

PaboTta ¢ HD video n cnoXxHbiMK bonblas notpebnsemas Jlyuwee pelwieHve ans ycTpoucTs
anropuTMamm MOLLHOCTb, Li€Ha C CETEBLIM NMUTAHNEM UK
MOLLHbIMW aKKyMynsiTopamm
OMAP35x ” YMYTATOP
(NnpodeccrnoHanbHble KaMepbl,
TENeBM30pbl KBEPXHEro»
LIEHOBOIrO Avana3oHa
Manble rabapuTbl, noTpebnsemas MoTeHumanbHO 60nbLIOe OnTuManbHoO Ans
MOLLUHOCTb M LIeHa KOHEYHbIX KOJIMYECTBO <JTULLHUX>» MHOrO(YHKLMOHANbHbIX
OMAP-L1x YCTPOWCTB BO3MOXHOCTEMN YCTPOWCTB «BC& B OHOM»
BbicTpast paboTa ¢ nnaeatoLLen LleHa CeMeICTBO paccyMTaHo Ha
TMS320C674x TOYKOM [0BOJIbHO Y3KYyt0 061acTb, HO B

CBOEM KJacce - nyywme

A
IO
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CopaeprkaHue gokaaa

= bbICcTpoe Havano pabotkl ¢ VTune

= 0630p NVIDIA Tegra 250

= 0630p pewenun TI DaVinci

= Spatial-Depth Super Resolution for Range Images

s LidarBoost

37
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Spatial-Depth Super Resolution

BBeneHue

= Jla3epHble ckaHepbl
= BbiCOKas TOYHOCTb
= Hu3Kasa ckopocTb paboThl
= /I3MepeHne oHOM TOUYKM B KaXXAbli MOMEHT BPEMEHM
= Time-Of-Flight kamepsbl
= Xopouwo paboTaloT C ANHAMUYHBbIMK CLIEHAMW
= Hwu3Koe pa3pelleHmne
= BbICOKMI YpOBEHD LLIYMa
= 3afaya — 1ucnonb3ysa AaHHble ¢ Time-Of-Flight kamepb! 1

N306paXkeHne BbICOKOro pa3peLleHns C 06bIYHON KaMepbl
MOCTPOUTb TOYHYIO KapTy r/TybuHbl BbICOKOIO pa3peLLeHUS

. . . Spatial-Depth Super Resolution for Range Images 38
CS MSU Graphics & Media Lab (Video Group) Qingxiong Yang, James Davis, etc. CVPR 2007



Spatial-Depth Super Resolution
HadanbHbin 3Tan
e.g. 640x640

+++++++++++++++++

= PaboTa TonbKOo No oagHOMY Kaapy

= BXoaHble gaHHbIe
= KapTta rnybuHbl 64x64
= 306paxeHune 640x640

= [lpeanonoxeHus

= BonbWKHCTBO NoBepxHOCTEN — r , Y _
YaCTUYHO-rNaaKVe Cost Volume Bilateral Filtering] :
= Ecnu uBeT nukceneli 6am3oK, ckopee Co | F :
BCEro, rnybuHa y HUx Toxe 6nmnska _ 4 . lc%‘i‘"‘"
= YBenm4yeHue KapTbl rnybuHsl o Current Depth Best cost, Sub- ]
pasMmepa n3obpaxeHus, Map D 1) pixel Refinement| -
UHTeprnonauma — nearest neighbor - f- o *
lterative
Refinement
Module
Spatial-Depth Super Resolution for Range Images 39
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Spatial-Depth Super Resolution

DyHKUMSA LieHbl

GRAPHICS & MEDIA LAB
VIDEO GROUP

Camera Image
e.g. 640x640

o [lapameTp
LleHa 3agaHHOU
aiIropnuTMa
rnybuHsl d
. , y )
‘ Cost Volume Bilateral Filtering] -
- 2 ) 9.
Cioply.x.d) =min(L, (d — Dy (y.x))*) Co) E ]
A l CC'W
H Fve TekyLias -l' W )
omMep nyéuHa- rny6uHa [Current Depth I ‘Eest cost, Sub- ];
nTepaummn KaHaAnaaT eETE Map D[i+1} pixel Refinement| -
lterative
Final Refinement
Depth Map Module
Spatial-Depth Super Resolution for Range Images 40
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Spatial-Depth Super Resolution

dunbTpaumsa ueH

= [ns Kaxkgoro GUKCMpoBaHHOro d —
bunaTtepanbHas punbTpaLUus

Flyv+u,x+v)
ffe'{xj'l

Welu, v)

CS MSU Graphics & Media Lab (Video Group)

feWaly xwv) ) fo (Weluwr)) (2)
Cx
ezpl="7"):  KOHCTaHTbI —
x? napameTpbl
exp(——1f. anropuTMma
1 |
E( Rly+u,x+v) — Rly.x]
Gly+u.x+v) — Gly.x)
By +u.x+v) — Bly.x)|).
u? + v,

GRAPHICS & MEDIA LAB
VIDEO GROUP

Camera Image
e.g. 640x640

+++++++++++++++++

Bilateral Filtering] .

F

-U‘-nirl

CY

C
Map D js1)

urrent Depth

Best cost, Sub-
pixel Refinement| -

Spatial-Depth Super Resolution for Range Images
Qingxiong Yang, James Davis, etc. CVPR 2007

++++++++++++++++++++++

lterative
Refinement
Module
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Spatial-Depth Super Resolution =
Bopbba co CTyneH4YaToCTbio
e.g. 640x640

+++++++++++++++++

= Bbibop rnybuHbl C HAMMEHbLLEWN LIEHOW

= bopbba co cTyneH4YaToCTblO

= 3 TOYKKU: d = rNybuHa C HaMMEHbLLEN
ueHon, d, = d+1, d = d-1
= [locTpoeHne nonrMHoMa 21 CTeneHu

2 Y :
r) — ax bx + ¢ . \ :
f( ) + T Cost Volume Bilateral Filtering| -
b L Gy F :
Lmin - a .
2a f | Legy
. ) 'y .
Lo, = d— —— f(d_|_) _ f(d_) , Current Depth Best cost Sub-
’ 2(f(de) + f(d—) —2f(d)) \ |Map D[|+1} pixel Refinement| -
v lterative
s ECu AOCTUITHYT npeaen ntepaunmn, Kapta Final Refinement
rnybuH cumMTaeTcs puHanbHOM Depth Map Module
Spatial-Depth Super Resalution for Rargé Images 42
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Spatial-Depth Super Resolution =

Bopbba co CTyneH4aToCTblo - NpuMep

. . . Spatial-Depth Super Resolution for Range Images 43
CS MSU Graphics & Media Lab (Video Group) Qingxiong Yang, James Davis, etc. CVPR 2007



Spatial-Depth Super Resolution

[pMepbl paboThl

(a) Camera image (b) Dy (¢) D, (d) Dy (e) Dy

Figure 5. Intermediate results from iterative bilateral filtering refinement module. (a) Camera image. (b) The initial depth map. (c¢) Depth
map after one iteration. (d) Depth map after three iterations. (e) Depth map after ten iterations.

. . . Spatial-Depth Super Resolution for Range Images 44
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Spatial-Depth Super Resolution =

[pMepbl paboThl

. . . Spatial-Depth Super Resolution for Range Images 45
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Spatial-Depth Super Resolution =

[puMepbl paboThl

. . . Spatial-Depth Super Resolution for Range Images 46
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Spatial-Depth Super Resolution =

Mpumepbl paboTol

Algorithms Tsukuba Venus Teddy tsukuba
Scale Scale Scale Scale
2 3 1 2 3 1 2 3 1 2 3

| : : 2 : :
Before Refinement 2.67 518 966 | 0.61 1.34 279 292 864 147 392 7.85 147
MRF Refinement [%] 2.51 5,12 968 | 0.57 1.24 269 278 833 145 355 752 144

1
Bilateral filtering Refinement | 1.16 2.56 695 | 025 0.42 1.19| 243 595 11.5] 239 476 11.0

Table 1. Experimental results on the Middlebury datasets. The numbers in the last twelve columns are the percentages of the bad pixels

with error threshold 1.

. . . Spatial-Depth Super Resolution for Range Images 47
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Spatial-Depth Super Resolution =

OueHka anroputma

= [lpenmyulectsa
= XOpownin pe3ynbTaT AaXe Ha HU3KOM pa3pelleHnn KapT riyouHbl
= He TpebyeT cocegHmnx KaapoBs

= HepoctaTkum
= HKM3Kaa CKOpoCTb

CS MSU Graphics & Media Lab (Video Group) s



CopaeprkaHue gokaaa

= bbICcTpoe Havano pabotkl ¢ VTune

= 0630p NVIDIA Tegra 250

= 0630p pewenun TI DaVinci

= Spatial-Depth Super Resolution for Range Images

= LidarBoost

49
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LidarBoost e

BBeneHue

= /Icnonb3oBaHMe HECKObKMX NocieaoBaTebHbIX KapT FJ'IY6l/IHbI

= Wcnonb3oBaHue hierarchical Lukas Kanade optical flow gns
KOMMNEeHcaLmn ABUXEHNS 0OBEKTOB

= OCHOBHasi naes - MUHUMU3aAUMNSA SHEPTUN £ = £ (X)+E ogyad X)
E_...(X)— cornacoBaHHOCTb C COCEAHUMN Kagpamu

IckoMbIW Kaap [MoaneMeHTHoE
npou3BeaeHne
N /\
KapTa nosepusa AaHHbIM — KapTa nosepus KapTa riybuHbl
CTPOUTCS NPU YBENTUYEHUN NAHHbIM
pa3Mepa KapTbl rMyOuHbl (bepéTcsa ¢
Kamepbl)

. . . LidarBoost: Depth Superresolution for ToF 3D Shape Scanning 50
CS MSU Graphics & Media Lab (Video Group) Sebastian Schuon, James Davis, Sebastian Thrun, etc. CVPR 2009



LidarBoost =

dopMynbl 3HEpPrn

s E£opua(X) —COrNacoBaHHOCTb C MPEAMNOIOXKEHNSIMM O NaAKOCTY

npeaMeToB peasibHOro Mmpa / Guo(0,1)
G'ﬂi.:'ﬂ.-‘ ( l‘ r O)
Eregular(X) — Z ||VX“-.1-’||E = Z .
- - \Gu._*e.-‘ (f ﬂl) 2

X(u.v)— X(u+l.v+m)
[NlapameTp ong

6anaHca pasHbIX
¥ I/ITorOBaﬂanopMyna SHepruu BUOB 3HEpPrum

Z HTF:, K ”Fk K (Dk - X)HE + A Z ||VXH._'E.-‘||Q
k=1

u,v

Guo(l,m) =

. . . LidarBoost: Depth Superresolution for ToF 3D Shape Scanning 51
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LidarBoost

TecToBble yCnoBus

= [1ng peweHuns 3agaum ontumMmsauum npumeHsncs CVX Framework

= [1n9 yckopeHusi nzobpa)keHue aenunocb Ha 6noku 20x20

(2-nNnKcenbHOoe nepekpbITUE)
= 10 nocnepoBaTenbHbIX KagpoB

= BpeMsa BbluMcneHns ansg NCKycCTBeHHbIX cueH (9 610KoB) - 5 MUHYT,

ANS peanbHblX AaHHbIX (28-48 6nokoB) — A0 2 4YacoB

. . . LidarBoost: Depth Superresolution for ToF 3D Shape Scanning 52
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(b) IBSR (c) LidarBoost (d) Ground Truth

t.f" \/
% | TS P g
\ “"
/8
A b
}/ 3 t ‘Y-
A
(g) LidarBoost (h) Ground Truth
" d
/ 10.0 %
4.0%
1.0 %
0.1%
0.0 %
(1) Recording Resolution (j) IBSR (k) LidarBoost (1) Error Color Coding
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(h) Ground Truth

10.0 %
4.0%

1.0%

0.1%

o ! o W 0.0%
(i) Recording Resolution {(j) IBSR (k) LidarBoost (1) Error Color Coding

. . . LidarBoost: Depth Superresolution for ToF 3D Shape Scanning 54
CS MsuU Graphlcs & Media Lab (V'deo GrouP) Sebastian Schuon, James Davis, Sebastian Thrun, etc. CVPR 2009



LidarBoost —

Pe3ynbTaThl U OLIEHKA

= [lpenmyulectsa

= OanH 13 nydwmnx no Kkadectsy anropntMos (Ha 2009 ropn)
= HepoctaTtku

= Henpuemnemas ans peanbHbIX 334a4 CKOPOCTb paboThl

No Noise | Medium Noise | Stark Noise

var = 0 var = 0.7 var = 9
LR 157.6 161.7 203.9
IBSR 83.8 89.9 127.0
LidarBoost 70.6 72.5 82.9

Table 1: Relative MSE comparison on synthetic data: Li-
darBoost throughout outperforms all other methods and
shows less sensitivity towards noise then IBSR

. . . LidarBoost: Depth Superresolution for ToF 3D Shape Scanning 55
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Cnncok nutepatypbl

= VTune
= http://software.intel.com/en-us/forums/intel-vtune-performance-analyzer/ - odmunanbHbIn
dopym

= http://software.intel.com/ru-ru/forums/intel-vtune-performance-analyzer/ - pycckos3bliuHas
Bepcusi. PEkoMeHayeTCsl N0Nb30BaTbCS BCE XKe aHIINACKON

s [exas Instruments — http://www.TI.com
Tam ectb Bc€ o TI DaVinci.

= NVIDIA Tegra 250

= http://itc.ua/node/43538/ - 0630p NpoayKTOB Ha ocHoBe Tegra 250
= http://www.nvidia.ru/object/tegra 250 ru.html - opmumansHas cTpaHuua

= Anroputmbl Depthmap Super-Resolution

= Sebastian Schuon, Christian Theobalt, James Davis, Sebastian Thrun
LidarBoost: Depth Superresolution for ToF 3D Shape Scanning
CVPR 2009

= Qingxiong Yang, Ruigang Yang, James Davis, David Nist "er
Spatial-Depth Super Resolution for Range Images
CVPR 2007
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i Cnacub0o 3a BHMMaHue!

Bonpochbi?
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