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1. VPAC &4t

Jacinto7 £E % 7 M5 FHALFE AN %% Vision Pre-processing Accelerator (VPAC) |, #&4H 1 H F it B 4b 32 1y
e, Hbngito b A GE . M pE. SEEhA (WDR) . BkBEASIE. BB ETE . RGBSR, 2T T
Rt 20 FEAEHCE MR R EE I 2 A Soc R, TIRAN T HOH— R EIE RSG, RIEMES LA ISP, I
WeHERAE T Jacinto7 TDA4VM #11 DRA829 #bFH 2%,
nE 1 VPAC RGHEEI R, LN 2 ZREH A A
* Video Imaging Subsystem (VISS)
* Lens Distortion Correction (LDC)

* Bilinear Noise Filter (BNF)
* Multi-scaler (MSC)

TDA4VM

Video preprocessing accelerator (VPAC)

Video imaging subsystem (VISP)

(multicore shared memory controller)

Raw FE  |—» NSF —» GLBCE [|—» FCP Lbe BNF MSC
7 ZANANPA

@ FlexConnect

MSMC L3 sram

ZAS

HABEH T E D REN T -

5

External DDR

1. TDA4VM VPAC A SGHEKE

o VISS (Video Imaging Subsystem) #bitk3- 2 4bHE RAW 5 4t YUV BIE, YUV BRSO
YUV420 50 YUV422 1%, HAl%4 RAW FE (Raw Front End) . NFS (Noise Filter) . GLBCE
(Global and Local Brightness Contrast Enhancement) . FCP(Flex Color Processing) 2tk .

o LDC (Lens Distortion Correction) FEXtE{&FITHSFIE.

o MSC (Multi-Scalar) = Ih g xf EG AT 46780
BNF (Bilateral Noise Filtering) XUz JiEy 2= BRI 75

Ja SCREEE R LDC BB IR P HEAT VEAR A 40
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2. LDC (BZR%rIE)

2.1. LDC A

IRBEL TR A R, BRI SR, (RTERT BUERAE R G A R A/ KBS, BB
SRAR TSI R AR A J S B oK, DRIk 75 Bt PR AT I AR R IE . 75 TDAA AbFEES, PIHB4ERL T LDC
PR, FRATTAT LA A B LDC A A e o [R5 30 AT AR 475 1

wE 2 s, XSFTFRAREREG, 434 LDC 5, ARV EIGEE S THFLE.

Input frame Output frame

Mesh LDC ———

—— Image Interpolation —=

<—— Back Mapping

Mesh War\p\ 53]

~

2. LDC Operations

F% S H

* YUV420 12-bit packet input and YUV420 12-bit packed output
* YUV420 12-bit unpacked input and YUV420 12-bit unpacked output
* YUV420 8-bit packet input and YUV420 8-bit packed output
* YUV422 8-bit packed input and YUV420 8-bit packed output
* YUV422 8-bit packed input and YUV422 8-bit packed output
LDC SCHFIIDIREM T -
* Autonomous memory-to-memory operation
- Tile based processing
* Generic mesh based distortion model to correct multiple distortion types
* Perspective warp transformation for perspective correction; affine transform is a

subset of perspective warp and supports scaling and rotation
* Support multiple input and output YUV data formats:

TDA4x (LDC) HAHFIE 4
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- Among the supported data formats are UYVY (YCbCr 422), NV12 (YCbCr 420)
and NV21 (YCbCr 420)
* Support up to 8192 x 8192 image dimension
* Pixel Interpolation
- Bi-cubic interpolation for Y and bilinear interpolation for Cb/Cr
- Bilinear interpolation mode to offer double throughput
* Performance (with small overhead)
- 1 cyc/pixel (bilinear)
- 2 cyc/pixel (Bi-cubic)
* Support to process either Luma only or Chroma only modes in YUV420 input data
format to save bandwidth
* Support for independent block size in multiple regions (up to 9 regions)
* Dual output channels for programmable output pixel size
* ECC support on Mesh Data internal storage memories and width conversion LUTs on
dual output channel
* Interface to HTS module for block level synchronization with other Ips
* Circular addressing support for Output Write (for SL2 interface) and Input Read
* KeyStone3 compliant infrastructure
- 48-bit addressing on master interface
* Event for Block/Frame completion and Error scenarios

2.2. TDA4X LDC B RH 15
AR5 P B0 A4 TDAAX LDC BASHT IF HUFRBERIS R, F— NP8 BI A48 LDC HySEBLiTRe. s
5 T R T
1. DCC Tuning tool: DCC T AR Mesh LDC fifF i 1K 3#F LDC WS EM T5, R
fE PC B TR, % TR H AT Windows i DCC Tools HIAEIF (T HIZKHH
BER TR

13 TEXAS
INSTRUMENTS

JACINTO™ PROCESSORS

& 3. DCC Tools
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2. BELMISHEEN (BERBSKBE M RO

3. Matlab (Windows) B Octave (Linux/Ubuntu) ¥35H AFAT Mesh LUT X4,  (Matlab /&
Windows iz17 Matlab f27H¥, 5%, Octave #2 Linux i&17 Matlab f&£F7 35, HNREES — it
aeL)

4. Bk YUV B

TDA4x LDC BRI IE AR W R :

1. #ATWI N Matlab FEFPAERE Mesh LUT XX (mesh.txt)  GER: X7 B N8k S H00H-
spec_file, ZZSH UM FEMNG )RR, R aEEHE)

function [] = gen lut(spec file, pitch in mm,f in mm, W, H, hc, vc,s ,m)
f =f in mm/pitch in mm ;
[h p , v.p] = meshgrid( 0:W, 0:H);

[h d,v_d] = xyz2distorted(h p,v_p, f/s, hc, vc,spec file, pitch in mm);

h delta = round((h _d-h p) * 8);

v_delta = round((v_d-v_p) * 8);

mh = h delta(l:2"m:end, 1:2”m:end)';

mv = v_delta(l:2"m:end, 1:2”m:end)';

dlmwrite ('mesh.txt', [mh(:), mv(:)], 'delimiter', ' ");

function [h d, v_d] = xyz2distorted(x, y, z, hc, vc, spec file, pitch in
mm)

[phi, r] = cart2pol (x-hc, y-vc);

theta = atan2(r, z);

lut = read spec(spec file, pitch in mm);
r = interpl (lut(:,1), lut(:,2), theta);

[h d, v_d] = pol2cart(phi, r);
h
v

~d =h d + hc;
~d = v d+ vc;
function lut = read spec(spec file, pitch in mm)

lut0 = dlmread(spec file);
theta = 1ut0(:,1)/180*pi;
lut = [theta, 1lutO(:,2)/pitch in mm];

2. f§iH DCC T EFIH 8L YUV B FFl mesh. txt ZEAL xml SCfF: X B — R XML SCfF, Wil 3
A4 B, DCC T HAm AU R A XML #5350,

XML DCC BIN

Generator
< <~

4. DCC Toolchain

TDA4x (LDC) HAHFIE 6
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3.

DCC Header

Use Case List

General Parameters

Use Case 0 Use Case Parameters

Photospace Definition

Photospace Parameter Packets

Use Case 1

5. DCC File Structure

B imaging T xml ST

4. 1f imaging H 3 FHIH generate dcc. sh 4= bin XA
B RE A2 xml B8Rk 1D BRACHS Bl & —%# . DCC tools HLHIMHE T Mesh LDC Aib, XM
R H B4 XML S8 SDK A &

XML: The exported .xml file name is sensor_name_mesh_ldc_dcc.xml

2.3. TDA4x LDC =

2.3.1.

Mesh LUT 446

1E Matlab BE#ATU TR, A TDA4x LDC Mesh LUT:

mm)

function [] = gen lut(spec file, pitch in mm,f in mm, W, H, hc, vc,s ,m)
f =f in mm/pitch in mm ;

[h p , v.p] = meshgrid( 0:W, 0:H);

[h d,v_d] = xyz2distorted(h p,v_p, f/s, hc, vc,spec file, pitch in mm);
h delta = round((h _d-h p) * 8);

v_delta round((v_d-v_p) * 8);

mh h delta(l:2"m:end, 1:2"m:end)';

mv = v _delta(l:2"m:end, 1:2"m:end)';

dlmwrite ('ldc mesh.txt', [mh(:), mv(:)], 'delimiter', ' ");

function [h d, v _d] = xyz2distorted(x, y, z, hc, vc, spec file, pitch in

[phi, r] = cart2pol (x-hc, y-vc);

theta = atan2(r, z);

lut = read spec(spec_file, pitch in mm);
r = interpl (lut(:,1), lut(:,2), theta);
h d, v_d] = pol2cart(phi, r);

= h d + hc;

[
h
v = v d + vc;

a
d

function lut = read spec(spec file, pitch in mm)

TDA4x (LDC) WA HFIE 7
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lut0 = dlmread(spec_file);
theta = 1ut0(:,1)/180*pi;
lut = [theta, lutO(:,2)/pitch in mm];

FRZXRNSHECE, WASIREERSE txt S

s = 2;

m = 4;

pitch in mm = 0.0028;
f in mm = 0.85;

W = 1280;
H = 944;
hce = W/2;
ve = H/2;
Wmesh = ceil (W / 2”m) * 2”m;

Hmesh = ceil(H / 2”m) * 2”m;
gen lut ("spec file.txt", pitch in mm, £ in mm, Wmesh, Hmesh, hc, vc,
s, m);

B kS HOCT spec_filetxt # X a T -

0 0

0.1 0.001545358
0.2 0.003090688
0.3 0.004636121
0.4 0.006181564
0.5 0.007726863
0.6 0.009272339
0.7 0.010817678
0.8 0.012363201
0.9 0.013908753

2.3.2. DCC Tools
¥ LT “mesh.txt” JEFRH AT LDC 4\ YUV E&in#k 3] DCC A% T Hrr, LIAERR LDC il
WA LDC ff) DCC xml 314
VAR T A DL B OO/ SR 4T L B E BhsE sarh ) LDC 4 LHR Fg AT D ©

TDA4x (LDC) HAHFIE 8
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1. #TJF DCC T H., fil# Project, Mesh LDC #fifFunld 1 fiizn, $THF Mesh LDC fifF

2.

Eile  Options
[ Q ¢
: LY

Camera Infarmatic

Memory View

0x3000

Value in D«

4

% Advanced params.

Plug-ins | Execute Help
AWE
CFA + WDR
DPC
EE
H3A
L5C
Mesh LDC
Moise Filter 4
Color Correction

Black Level Subtraction

2

/4 6. DCC LDC Plugin

Mesh Lens Distortion Correction Tuning (g)

Advanced params Use cases/Photo spaces

Photospace regions

Tuning output

Tuning method
Enable

Mode

Output frame width {(even: 2x)

Output frame height (even: 2x)

Output starting x coordinate (even: 2x)
Cutput starting y coordinate (even: 2x)

Manual

oM

YCbhCr422UVY 8b

=

280

4k

Interpolation type for ¥ data Bicubic

Pixel pad 1 S
Output block width (even: 8x) 32 |5
Output block height {even: 2x) 32 |5
Affine transform warp, A 514012 4096 =

Affine transform warp, B 514Q12
Affine transform warp, C 516Q3

Affine transform warp, D 514012 0 =

%] 7. DCC LDC Plugin

TDA4x (LDC) WA HFIE
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3. fE"Inputimage” BIALZHIA YUV B Jy I it load.  7E LDC LUT file fa A=A A 2E Y
mesh.txt ST 1

Inputimage  LDCLUT fle

[Ipocuments\santo7117 meduiellDCimesh g test| plugoutaiIPC_Mesh LDC|1280x080 Y422 UVVY.yuv

8. Input Image and LDC LUT file
4. SRJ5 i “Process Plugin” 4 ik output_image.yuv R] BATIYE % H Tuning output #E/T %

AR
Eile Options Plug-ins  Execute Help

. 89 @ Q Process Plugin ﬁ
E a9 = L I
Camera Information & Control | &)  Restore from DCC profile binary =
Memary View Algorithm ¥ :i

[ox8000 2

Export DCC profile binary L
Transfer DCC binary to target device E fu
Value in Dec Val ‘ Reload Target DCC Folder from local felder

1 5 Reset current plugin

P 9. DCC Process Plugin

Mesh Lens Distortion Correction Tuning (€)

U = spaces g Tuning output

Preview

|-

& 10. DCC Tuning Output

TDA4x (LDC) W HrIE 10
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5. fJm, A Export DCC profile binary, ¥ Export [ xml
(asamplesensor_mesh_ldc_dcc.xml) Al bin 3C#F
(cid42_asamplesensor_mesh_ldc_dcc.bin) &l %] PSDKRA

“imaging/sensor_drv/src/sensor_name/dcc_xmls/” CAFJeH

Eile Options Plug-ins = Execute Help

'-_\ 0\ Q\ ‘_L_’\ w_:‘ Process Plugin ]Ll!‘
&

Camera Information & Contrel &}  Restore from DCC profile binary

M View i
Emery few Algarithm £ Export DCC profile binary

Transfer DCC binary to target device F Fu
Value in Dec Val &% Reload Target DCC Folder from local felder

0xB000 3

1 45 Reset current plugin

11. Export DCC profile binary
2.3.3. SDK &#LDC

7E Imaging H3E R, T BHE4TZ U9 T ) “generate_dcc.sh” JfE8T clean build imaging BLEHUR 5
%% P vision app. PSDKRA 7~ N FHFERF (il “vx_app_single_cam” ) ¥ LDC & 4F#i) DCC W H

3. &%

1. https://software-dl.ti.com/jacinto7/esd/processor-sdk-rtos-
jacinto7/08 02 00 05/exports/docs/vision_apps/docs/user quide/group apps_basic_demos _app_single_cam.html

2. https://www.ti.com/lit/zip/spruill

3.  https://www.ti.com/lit/pdf/spracx9

TDA4x (LDC) HELFIF 11
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