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rawinfo Read information about color filter array (CFA) images in RAW files
rawread Read CFA images from RAW files

demosaic Convert Bayer pattern encoded image to truecolor image

lin2rgb Apply gamma correction to convert linear sRGB to sRGB color space
raw2planar Separate a Bayer-patterned CFA image into individual, sensor-element
planar2raw Combine planar sensor images into a full Bayer-pattern CFA image
raw2rgb Convert a RAW file into an RGB file in one step

Example: End-to-End Implementation of Digital Camera Processing Pipeline 3
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Original Image Before and After Gamma Correction

Montage of Best White-Balanced Images: White Point, Gray World, Cheng

Algorithms to estimate scene illuminant

illumwhite
illumgray

illumpca

Estimate illuminant using White Patch Retinex algorithm
Estimate illuminant using gray world algorithm

Estimate illuminant using principal component analysis (PCA)

Example: Comparison of Auto White Balance Algorithms
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imlocalbrighten  Brighten low-light images

Example: Low-Light Image Enhancement 5
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= BT.2020 (Ultra High Definition, UHD)
= BT.2100 (High Dynamic Range, HDR)
=  ProPhoto (ROMM RGB) Color Space

y oPhoto RGB

Adobe RGB

o
,
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rgbwide2ycbcr  Convert wide-gamut RGB color values to YCbCr color values

ycbcr2rgbwide Convert YCbCr color values to wide-gamut RGB color values

xyz2rgbwide Convert CIE 1931 XYZ color values to wide-gamut RGB color values

rgbwide2xyz Convert wide-gamut RGB color values to CIE 1931 XYZ color values

Functions ©


https://www.mathworks.com/help/images/referencelist.html?type=function&category=image-quality
https://www.mathworks.com/help/images/referencelist.html?type=function&category=color

gll

it

MATLAB B

S3eE(HDR)E &

5 [ & B s 4
/i T oy [ R
a4

makehdr

e U e

MEZMEENZSSEE(LDR) El% 8l iE S
F7ASTEE(HDR) El%

tonemap

—
HDR %% LDRE%

S 3 EXR F0 HDR SCHAEAZ T



MATLAB BEXlPO

Il)ﬁ'

REZS o EREIR

MK 53 #2R

Set of Low-Resolution Burst Mode Images

7 b
| Toffee mi
' 'Ill.uul coxouADd T -
MILK cuocon.ﬂz

------

Toffee '5*
¥ MLECHE €O coxoiApé |
MILK cuocou\'\'n

Toffee (7 Moffee ,«; it

Toffee

| v mLecnt coxoukot i vV MLECNE CO coxorADd )‘ || vm.unt coxoLADE
_ Milk CHOCOLATE (8 MiLk cHOCOLATE Rl Wik crocoLATE IS

High-Resolution Image

burstinterpolant

Toffee

V MLEENE €O coxoLADE
MILK CHOCOLATE

&




MATLAB B

HERE: IFMRE

- Imatest: eSFRIMIK [E(1SO 12233)HI3 . 1E3@, #Zi RAIHE
2 12 58 R S B 46T 70 53
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measurellluminant Measure scene illuminant of test chart

colorChecker |dentifies the color patch ROI in test chart
displayChart Display test chart with ROI
measureColor Measure colors in test chart

displayColorPatch  Display measured and reference color as
color patches

plotChromaticity

X-Rite CoIorChecker

Example: Evaluate Quality Metrics on eSFR Test Chart Example: colorChecker
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Color difference based on CIE76 standard

Color difference based on CIE94/CIE2000
standard
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Patch 20 Patch 21
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Original vs Local Color Difference

Patch 10

AE = 24.7

Patch 16

AE = 23.5
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Patch 5 Patch 6
AE = 23.1 AE = 18.3

Patch 11

AE = 15.2

Patch 17 Patch 18
AE = 24.2 AE = 28.6

Patch 23

AE = 21.8

Patch 12

AE = 14.1

Functions

10


https://www.mathworks.com/help/images/referencelist.html?type=function&category=image-quality
https://www.mathworks.com/help/images/referencelist.html?type=function&category=color

£1&)

immse
psnr

ssim
multissim

multissim3

No-Reference Techniques Function

nige

brisque

pige

nima

Image datastore

Opinion scores

MATLAB EXPP

UE IR

Reference-Based Techniques Function

Mean squared error

Pea k Sign d |-t0-n0i5e Original Image: PIQE score = 24.8481

| Noisy Image: PIQE score = 72.3643 | Blurred Image: PIQE score = 85.7362
Structural similarity metric
MS-SSIM index for image quality

MS-SSIM index for volume quality

Naturalness Image Quality Evaluator i1 B o
Blind Reference-less Image Spatial Quality ' . i

Evaluator PIQE No-Reference Techniques

Perception-based Image Quality Evaluator

Analyze the aesthetic quality of images

e m
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Example: Train and Use a No-Reference Quality Assessment Model 11
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Mean Score: 92.432 Mean Score: 28.1042 Mean Score: 12.7964
Std Dev: 12.038 Std Dev: 16.6824 Std Dev: 13.7164
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Example:Evaluate Image Quality Using Trained NIMA Model 12



https://www.mathworks.com/help/deeplearning/ug/nima-image-quality-assessment.html

MATLA

IREF S RERICEREER

- HAREEIMERERICEE TRIFEBRICRAWEIK

- FRNZRIU-NetM 25 F TR EEIRIRE

(RS BB KRR Sk 1 S BB [ S A 3 ﬁﬁ&#ﬁ@%%%&ﬁ%%ﬁﬁﬁ%ﬁ

Example: Recover Images from Extreme Low-Light Conditions Using Deep Learning 13
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Remove Noise from Color Image Using Pretrained Neural Network 14
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MATLAB B>

Resource
----Direct Form Systolic
] |
LUT 136
[%&] Block Parameters: Discrete FIR Filter HDL Optimized h8 REG 352
Discrete FIR Filter HDL Optimized DSPs 7
Filter real or complex input with an FIR filter optimized for HDL code generation. BRAM 0
Choose from fully-parallel Direct form systolic or Direct form transposed structures or a Partly serial systolic structure with URAM O
configurable serialization parameters. All structures share multipliers in symmetric or antisymmetric filters. Both systalic
structures make efficient use of Intel and Xilinx DSP blocks. SlEIGk 1 9
When using programmable coefficients, set Coefficients prototype to a coefficient vector that is representative of the Data Path Delay 3.085
symmetry and zero-value locations of the expected coefficients.The block uses this prototype to optimize multipliers in the L i
filter implementation. If your coefficients are unknown or not expected to share symmetry or zero-value locations, set
Coefficients prototype to [].
Resource
Main  Data Types  Control Ports ----Direct Form transposed
Filter parameters DLUT 1 3 bt
Coefficient source: Property v RE G 1 52
Coefficients: |Num.data | : DSPs 13
Filter structure: Partly serial systolic v| BRAM O
Specify serialization factor as: D}rect form systolic
Direct form transposed URAM 0
Number of cycles: Partly serial systolic
Slack 2.039
Data Path Delay 2.926
i} 1
? Cancel Help Apply
Resource
----Partly Serial systolic
O O
LUT 258
REG 754
DSPs 1
BRAM 0
URAM 0O
Slack 1.918
Data Path Delay 2.842
I iml
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General  Target Specification
Implementation e e X_re x
Architecture \Module -\ _\_ - >
Implementation Parameters X_im
AdaptivePipelining |inherit @ ‘ N "
BalanceDelays |inherit 7| *
ClockRatePipelining |inherit v \ |
ConstrainedOutputPipeline [0 \
DistributedPipelining |off -l Y re
DSPStyle [none - a N
FlattenHierarchy |inherit " A . » x
InputPipeline o | Y_im
OutputPipeline o |
SharingFactor |4 \ > X
StreamingFactor o \ "
OK ‘ | Cancel | | Help ‘ ‘ Apply ‘
Resource Sharing
Factor=4
™ T
_.._‘ll_h-“ I_b il
—l - E It
ould
1 —® in1
L
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Tool and Device

Synthesis Tool: |Xilinx Vivado sub
Family: Virtex7 g

Package: [ngl?&l ']

UDjeclves sellings

i [1:1
[1x10] [1k10]

Target Frequency (MHz) 100

+

. +
| + Sum_stag
¢ + Fumn_stage2_sum2
— + L
+ - —efonve
- - +
Su Isragmjsumq A j_..]h’

Hierarchical distributed pipelining

dtet :

N~ . . dat i

[¥| Clock-rate pipelining + 1] o= @—’.—’ wgaim PinelinaRegistsin1!_out_dic a_ou
L—f +

gain ) '
Allow clock-rate pipelining of DUT output ports e tadeReaRen

Optimizations

/r General = Pipelining | Resource sharing

Sum_stage1_sumS

Preserve design delays

\E Adaptive pipelining /
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E] HDL Properties: SymmetricHB DSPs X
General ~ Target Specification
Implementation
Architecture ‘ Module ' |
Implementation Parameters
AdaptivePipelining {inherit =] \
BalanceDelays inherit -]
ClockRatePipelining | inherit v |
ConstrainedOutputPipeline |0 |
DistributedPipelining off -]
DSPStyle \none -]
FlattenHierarchy | inherit = |
InputPipeline | 0 |
|_OutputPipeline lo | /
SharingFactor 4 |
StreamingFactor | 0 |
oK | | Cancel | | Help | Apply

lll»

v B+ BaiKke
v W ERFFBR

<>
Smaller

critical path
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Workflow ~ HDLBlock = HDL Code Settings | ||gHDL ] Generate Open Report Generate Share
Advisor Properties v Advisor - HDL Code Testbench ~ 7
ASSISTANCE | MODELING PREPARE GENERATE CODE REVIEW RESULTS VERIFY SHARE a
g LLEExample =
1=
g @ LLEExample » v
E
=@ uintB [576x720]
> inR outR bR
e [576x720) 576x724]|
int8 [576x720]
inG i A ek (7672 s
=3 [576x720) : (57672
- g [ine [576x720) [576x720]|
=] [576x720] | ! isrexraq)|
] LLEBehavioural sexr2gy) valid
simpError
5raxz20) :E
576750 o
[pExz2 valid
virgs [56x72D] uint8 [576x720] simpOutputViewer
R »{inR outR SR
[576x720) Isexraqlf o
) uirke [5f8x72p) uint8 [576x720) |5pex72
inputLLE.png G inG z outG sG
[576x720] Ishexragl|
g [t 1576x720] ol ot |8 1576x720) spexraqy| -
[576x720] [spex7aql|
LowLightimage LLESimplified 15gex72gl). i
hdIError
uintg [57px72p)
uintg [1x3] uint8 [1x: ou [5pex720] PR
pixel [ pixcin pixelOut Pixelin wintd [57px72)
576x]2 18 () ol gl o [ ] speaan|
x frame Frame To Pixels L : uints (576x72D) ol i
|576x] 2 3 . —— — ixelcont] e Shexzn)|
[576x720 ctrl == clrlin L ctriout oy, Busin boolean spexr20]
Trigger valid
LLEHDL Output hdlOutputViewer
=] booleany
- [576x720x3) | I
« inputViewer
Ready 107% FixedStepDiscrete

Example: Low Light Enhancement 23
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T — AL HDL %%t R — MEE N
/ hdlOutputViewer1
int8 [1x3 int8 [1x3 int8 [576x720x]
pix an pllxe pixelOut M pixel frame uint8 [576x720K 1
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framferame To Pixels i Ixels foFrame - olean fboolean
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Pixel-Stream Algorithm

Example: Low Light Enhancement With Zyng-Based Hardware 25
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MAEZF ML EHDL/C

~

%% Create Target Object

I- H hTarget = dlhdl.Target('Xilinx', 'Interface', 'Ethernet', "IPAddre=szs", '10.10,10.15") ;
Application
logic %% Create WorkFlow Object
1 1 bW = dlhdl .Workflow('network', smet, 'Bitstream', 'zcullZ single', 'Target',hTarget); Layer W . ht &
eights
, : control S
%% Compile tl-'.I.E Lanenet series Network . . Actlvatlons
dn = hW.compile; II’]S'[I‘UC'[IOI‘]S

%% Program Bitstream onto FPGA and Download Network Weights
hWw.deploy;

- %% Bon prediction for one frame

outputs = hWW.predict (inputImg) ;

\_

Hardware support package
Deep learning processor with 1/0O and
external memory interfaces

FPGA Bitstream
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Example: Deploy and Verify YOLO v2 Vehicle Detector on FPGA 27
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Example: Integrate YOLO v2 Vehicle Detector System on SoC example link 28



https://in.mathworks.com/help/visionhdl/ug/yolo-v2-vehicle-detector-soc.html

MATLAB EXF

Il)a'
9
S

YOLOvV2 BfsfeM: CameraSERT

A INXS FEALSE BT BlHR A 2 5

SIZ'}% 1080p Eﬁ])\ EIREA)E/II e Normalization YoloV2 Post-
board & Resize DL Network Processing
: (Vision IP) (DL IP) (PS)

23fps (32 layer netiwoik)

TITITY HDMI Monitor

N
)
C
-_—
o
N

PL

PS

Example :YOLO v2 Vehicle Detector with Live Camera Input on Zynq-Based Hardware 29



https://in.mathworks.com/help/visionhdl/ug/yolo-v2-vehicle-detector-live-camera-zynq.html

MATLAB BEXlPO

=R B FNRER: 2D-FFT

AR ESHEiA: 1080p@120 fps

. -
b Detector Tracker
] 1;;%;':&&@3 (2D-FFT) (Kalman)
= &ﬁl\“ : 2D'FFT Template
- IRIEF: Kalman
\q:-:lgg:;r.;raflm uint [4B0x640] R R s 1) = o fumti6 i o
Input Behavioral

ObjectTrackerDUT
uintl uintf [1:3] uintl [4B0xG40x3] In
it | pxelln paxelOut = el frams 1 Image
rrrrrr [1x3] [480:0640x3)
AB0xE40 pixelcontrol N e rol boolaan
[ I ol e 3! ciriln cArlCut & t alidOut .
[1xd]
OhjectTrackerHDL
Display

Example :Object Tracking using 2-D FFT 30
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