Edge Computing with
DSP Acceleration

Lab 3

Department of Electronic and Computer Engineering

National Taiwan University of Science and Technology

TAIWAN
TECH S v




DSP Acceleration Data Flow H&#iE §

=

33 3
& SEREERS TR YA AR AR

o B R A s s A A AU AR
“ &CPADSPINZR IR HIFPS 2 HEE

Object Detection
Model : ONR—OD—820—yolox—s—lite—mmdet—coco—640x640

TAIWAN
TECH s



* 2

o
G #

Ethernet

20V, 3A USB

HDMI/eDP

TACWI\N T
TECH 2 hwews N ¥




Edge Computing Deploying Data flow

B Accelerate Models with Open source API

« Ease of use by providing Open Source

Jacinto 7
programming interface User Application processor

Python / C

« TIDL unsupported operators run on Cortex-
A core TFLite/lONNX-RT/Neo-Al-DLR
API | interpreter | scheduler

( TensorFLow Lite . \ TIDL RunTime
models o TFLite RunTime _ 1 1=

ONNX models @)  ONNX-RunTime g — 7y DSP with

MMA*
TVM/SageMaker m Deep Learning
k Neo compiler o Neo-AHDLR / ﬁ..m AT2 Accelerator

TECH National Taiwan University of
Scierce and Technology




Object detect flow SDK:

B TDA4VM Development Kit s s
» Hardware acceleration data-flow pipeline for object detection demo

Object detection dataflow —
1MP USB camera  1280x720 1280x720 1280x720 T 320x320
fdevivideoX video/jpeg 1420 NV12 NV12

-

. :
tiovxmultiscaler
"

N

320x320
| NV12
Object detection dataflow —
- GStreamer plugins on ARM 1MP USB camera  1280x720 1280x720 1280x720 320x320
IdevivideoX videoljpeg 1420 NV12 ' NV12
|:| Deep Leaming Runtime with DSP offload i 320320
iy
- GStreamer plugin with HWA 1980x720 B tiovxdlpreproc
- GStreamer plugins on ARM NV12
l:] Remote core or HWA [ compute on ARM (o150 N B tiovxcolorconvert gz(g;z:lgnar
- (CBBx_D (DSP) |:| Deep Leaming Runtime with DSP offload 1280x720 appsink
- CB6x_1 (DSP) ) RGB
- CT1x D(DSF’) - GSireamer plugin with HWA
- S (Whscaler HWA) [ Remote coreor i
- (Display Subsystem) . CeBx_0 (DSP) C71x 0 [
- C66x_1(DSP)
- C71x_0(DSP)
- MSC (Multi ler HWA
DSS - Dss ((DI;p\I:;(D;E;sysler)n}
post-proc
. T - 1260x720 1280x720
Display ! v ‘ om0 w RGB RGB
Display kmssink tiovxmosaic tiovxcolorconvert appsrc

T National Taiwan University of N - 4 RERBAXRHRBE
ECH e : LN, Cifelits and Embedded Systems Lab



https://www.ti.com/tool/download/PROCESSOR-SDK-LINUX-SK-TDA4VM
https://www.balena.io/etcher
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> [EAZBlockiiEIregisteriEz

tiovxmosaic tiovxcolorconvert appsrc

> EﬁGstreamerzgﬂéﬂg slItL *EEE https://github.com/TexasInstruments/edgeai-gst-

plugins/blob/main/ext/tiovx/gsttiovx.c

if defined(SOC_13721E) || defined(SOC_3721S2) || defined(SOC_378454) || defined(S0C_37225S)
ret = gst_element_register (plugin, "tiovxcolorconvert”, GST_RANK_NOME,
GST_TYPE_TIOVX_COLOR_CONVERT);
if (lret)
GST_ERROR (“Failed to register the ti olorconvert element”);
goto out;

5]

ret = gst_element_register (plugin, lof"”, GST_RANK_MNONE,
GST_TYPE_TIOVX_DOF);
if (lret) {
GST_ERROR (“Failed to register the
goto out;

wowm |

xmosaic.h”
wmultiscaler.h" ret = gst_element_register (plugin,
GST_TYPE_TIOVX_DOF_VIZ);
if (!ret) {
GST_ERROR (“Failed to register the
goto out;

wowm wmoL

s e s e e s = 1
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g
g
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ret = gst_element_register (plugin, xsde”, GST_RANK_MNOMNE,
GST TYPE TIOVX SDE);

if (!ret)

GST_ERROR (“Failed to re

e . I N . o goto out;

ed(S0C_172152) || defined({S0OC_178454) || defined(S0C_1722S . ’

ret = gst_element register (plugin, "tiovxsdeviz", GST_RANK_NONE,
GST _TYPE TIOVX SDE VIZ);
if (!ret)
GST_ERROR (“Failed to register the
goto out;
#endif ¥
#endif

#include "gst-libs ] sttiovxutils.h gst_tiovx_init debug ()

bedded Systems Lab




= Object detection dataflow
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TIOVX Gstreamer Component

> TERERZIVEEE
» ColorConvert Block DSP Code

NV12, 1420, Y

NV12, Nv21,

4
-

4
-

++ 4
[ S e T o T o T o

m m m M M
+ = =
AR

k
= 3 3 3 3
m m m M M

+
k

#define
"video/x-raw, "
“format =
"width =
"height =

(string)

"video/x-raw("”
"format =
"width =

"height =

(string)

"num-channels = "

TEFEsourcesAR RN FEEF
1420 -> NV12

TAHMAN

https://github.com/TexasInstruments/edgeai-gst-
TECH:

“plugins/blob/main/ext/tiovx/gsttiovxcolorconvert.c
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Object detection dataflow
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'width = "
"height = "

»

"video/x-raw("
"format = (string)
"width = "

‘height = "
‘num-channels = "

GstStaticPadTemplate
GST_PAD SINK,
G5T_PAD ALWAYS,
G5T_STATIC CAPS (

);

sink template = GST STATIC PAD TEMPLATE ("

GstStaticPadTemplate
GST_PAD SRC,
G5T_PAD ALWAYS,
G5T_STATIC CAPS (

);

src_template = GST STATIC PAD TEMPLATE (“"src”,

llll)dcmung

sink”,



Object detection dataflow

MP USB camera 126

TIOVX Gstreamer Component

> ¥ta{ERfBclassEitargeto
» ColorConvert Block DSP Code 0

m

gobject_class-»set_property = gst_tiovx color_convert_set property;
gobject_class-»get_property = gst_tiovx_color_convert_get property;
gst _tiovx color_convert_class_init (GstTIOVXColorconvertClass * klass)
1 g object_class_install property (gobject class, PROP_TARGET,
GObjectClass *gobject_class = 3 g param_spec_enum (“"target”, "Target”,
GstBaseTransformClass *gstbasetransform class = H "TIOVX target to use by this element”,
GstElementClass *gstelement class = 5 GST_TYPE_TIOVX_COLOR_CONVERT_TARGET,
GstTIOVXSisoClass *gsttiovxsiso class = 2 DEFAULT_TIOVX COLOR_CONVERT_ TARGET,
G_PARAM_READWRITE | GST_PARAM_CONTROLLABLE | G_PARAM_STATIC_STRINGS));
gobject_class = G_OBJECT_CLASS (klass);
gstbasetransform_class = GST_BASE_TRANSFORM_CLASS (klass); gstbasetransform_class->transform_caps =
gstelement_class = GST_ELEMENT_CLASS (klass); GST_DEBUG_FUNCPTR (gst_tiovx color_convert_transform_caps);
gsttiovxsiso_class = GST_TIOVX SISO _CLASS (klass);
gstbasetransform_class-»passthrough_on_same_caps = TRUE;
gst_element class_set details simple [(gstelement_class, gstbasetransform_class->transform_ip on_passthrough = FALSE;
"TIOVX ColorConv '
"Filter/Com
"Converts video from one colorspace to another using the TIOVX Modules API™,

gsttiovxsiso_class->init_module =

GST_DEBUG_FUNCPTR (gst_tiovx_color_convert_init_module);
gsttiovxsiso_class->create_graph =

GST_DEBUG_FUNCPTR (gst_tiovx_color_convert_create_graph);
gsttiovxsiso_class->»get node_info =

GST_DEBUG_FUNCPTR (gst_tiovx color_convert_get node_info);
gsttiovxsiso_class->release_buffer =

GST_DEBUG_FUNCPTR (gst_tiovx_color_convert_release_buffer);
gsttiovxsiso_class->»deinit_module =

GST_DEBUG_FUNCPTR (gst_tiovx color_convert_deinit module);
gsttiovxsiso_class->compare_caps =
I -t- I = %ﬁgu%{# GST_DEBUG_FUNCPTR (gst_tiovx color_convert_compare_caps);

n I Ia Ize GST_DEBUG_CATEGORY_INIT (gst_tiovx color convert_debug,

"tiovxcolorconvert”, @, "TIOVX ColorConvert element™);

"RidgeRun support@ridgerun.com™)|;

gst_element_class_add_pad_template (gstelement_class,
gst_static_pad template get (&src_template));

gst_element_class_add_pad_template (gstelement_class,
gst_static_pad template get (&sink template));

TAIWAN https://github.com/TexasInstruments/edgeai-gst- _
TECH 050005 plugins/blob/main/ext/tiovx/gsttiovxcolorconvert.c andEnvocies Sy Lo




Object detection dataflow

MR USB camera 12806720 120 12800720
Nvi2

TIOVX Gstreamer Component ==

tiovxmultiscaler queued

|: sx_o|- tinvxdlprepmc
I sveare g on v
[ computoonarne B tiovxcolorconvert o |

> HE# A F g format

2020
o

NSC
D55 (Display Subsystem)

> ColorConvert Block DSP Code T e

1

gboolean
get formats ( Gvalue * input_formats, GValue * output_formats,
AppendFormatFunc cb)
It
gint i = 8;
gboolean ret = TRUE;
gint size = 8;

g return_val_if fail (input_formats, FALSE);

g_return_val_if fail (output_formats, FALSE);
g return_val_if fail (GST_VALUE_HOLDS_LIST (output_formats), FAL

GST_VALUE_HOLDS_LIST (input_formats) 2
gst_value_ 1 get (input_formats) : 1;

) e

AForZE FE e Y
gchar *format_name = H

GstVideoFormat format = GST_VIDEO_FORMAT_UNKNOWN; !l :I:

GST_WALUE_HOLDS_LIST (input_formats)

alue = gst_value_list get value (input_formats,

format_name = g v: g tring (value);
format = gst_video_forma rom_string (format_name);

FALSE == cb (format, output formats)
ret = FALSE;

return ret;

TAIWAN https://github.com/TexasInstruments/edgeai-gst-

REREALRBRSE
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Object detection dataflow

TIOVX Gstreamer Component |===
> ESHEABKESR A

> ColorConvert Block DSP Code | ., =

GstCaps * get_formats (input_formats, &output_formats, func);
gst structure remove all fields (st);

gst_tiovx_color_convert_transform_caps (GstBaseTransform * base,
GstPadDirection direction, GstCaps * caps, GstCaps * filter)

gst structure set value (st, "format”, &output formats);

GstTIOVXColorconvert ®*self = GST_TIOVX COLOR_CONVERT (base); g value unset (&output formats);

GstCaps *result caps = H
gint i = 8;
AppendFormatFunc func; tmp val = gst structure get value (st copy, "width");
if (tmp_val !=
GST_DEBUG_OBIECT (self, "Transforming caps on %s:\ncaps: % gst_structure set value (st, "width”, tmp_val);
GST_PTR_FORMAT "‘\nfilter: %" GST_PTR_FORMAT,

__ . 5 Cems o Db - .
GST_PAD_SRC direction ? "src” : "sink”, caps, filter); el = et s mE EiE (S e e

if (tmp_val !=
result caps - gst caps_copy (caps); gst_structure_set_value (st, "height”, tmp_val);
for (1 = @; 1 < gst_caps_get size (result_caps); i++) {
GstStructure *st = gst caps_get structure (result_caps, i); tmp_val = gst_structure_get_value (st_copy, "framerate");
GstStructure *st_copy = gst_structure_copy (st); if (tmp_val !=
Gvalue *input_formats = gst structure_get value (st, "format"); gst_structure_set value (st, “framerate”, tmp_val);
GValue output formats = G_VALUE INIT;

GValue *tmp_val = H
- gst_structure_free (st_copy);

g_value_init (&output_formats, GST_TYPE_LIST);
if (filter) {
if (GST_PAD_SINK == direction GstCaps *tmp = result_caps;
func = append_src_formats; result_caps = gst_caps_intersect (result_caps, filter);
else gst_caps_unref (tmp);

func = append_sink_formats; ¥

GST_DEBUG_OBJECT (self, "Resulting caps are %" GST_PTR_FORMAT, result caps);

get_formats (input_formats, &output formats, func);

return result_caps;
gst structure remove all fields (st); —cap

TAIWAN https://github.com/TexasInstruments/edgeai-gst- ,
TECH 050005 plugins/blob/main/ext/tiovx/gsttiovxcolorconvert.c andEnvocies Sy Lo

RHREALFHABE




Object detection dataflow

n 1200720

TIOVX Gstreamer Component (=== ==] = _

el I oo |

1280720
iz

2020
RGB Piana]

EZEVI ovcoorcomert
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D55 (Display Subsystem)

> ColorConvert Block DSP Code T e

gboolean
gst tiovx color convert create graph (GstTIOVXSiso * trans, vx context context,
vx_graph graph)

GstTIOVXColorcon

vx_status status = WX !
*target =

gboolean ret = FALSE;

GST_INFO_OBJECT (self, "TI

status = tiovx _color convert module create (graph, &self-»obj, » target);
if (WX _SUCCESS != status) {

iST_ERROR_OBJECT (self, te graplt ed with error: Zd", status);

to out;

eturn_val_if fail (trans, FALSE);

eturn_wval if fail (VX SUCCESS == vxG atus ((vx_reference) context),
FALSE);

g return_val if fail (VX SUCCESS vXG : = ((vx_reference) graph),

FALSE);

g_r
B_r

ret = TRUE;:

self = G5T_TIOVX COLOR_CONVERT (trans); .
out:

GST_INFO_OBIECT (self, "Creat ph™); BT ES

GST_OBJECT_LOCK (GST_OBJECT (self));
target = targ d_to_target_name (self->target_id);
_OBJECT_UNL GST_OBJECT (self));

Target IDF5 %€ £ C66x T4
EIBESEETIDL T EFEA

TAIWAN https://github.com/TexasInstruments/edgeai-gst-
TECH 050005 plugins/blob/main/ext/tiovx/gsttiovxcolorconvert.c
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DSP Source Code Z[f43 1 & Ik O T
> EE#mEEiEETETarget DSP

Eﬁi» [ covcobrconvet | =E.
» C66x DSP Source code T m =

wood0s0 | e T 1260720

appsink
DL-RT
H N2 NV12 RGB

aaaaaa

target_get_type (void target id to target name (gint target id)

voe = B: GType type = G_TYPE_NONE;
r GEnumClass *enum class =
GEnumValue *enum_value =

t gchar *value nick =

"DSP instance
1},
"DSP instance
2k, value nick = enum_value-»value nick;
#elif s Fined(* J72152) || defined(S0OC_J78454) || defined(S0OC_J7225) g type class unref (enum class);
[ P "DSP instance d ; I a . a

type = gst tiovx color convert target get type (]
enum_class = G_ENUM CLASS (g type class ref (type));
enum_value = g enum_get value (enum class, target id);

return value nick;
#endif
{8, NULL, NULL},
-

C66x DSPHERE T
SEETIDLIASE -
TAWAN T




C66x DSP Source Code # & ER —

2

128020 6 tiovxdlpreproc
wiz

g tiovxcolorconvert oo |

> BufferBEmiEiTargetES T

= sc S e | e
> ColorConvert Block DSP Code — e o e

iz

i

gboolean
gst tiovx color convert release buffer (GstTIOVXSiso * trans)
I
1

GstTIOWXColorconvert *
v¥_status status = VX

g return_val if fail (trans, FALSE);
selft = GST_TIOVX COLOR_CONVERT (trans);

GST_INFO OBJECT (self,

status = tiovx color convert module release buffers (&self->obj);
if (VX _SUCCESS != status) {
GST _ERROR_OBJECT (self, "Re ce buffer iled with error: Zd’
return FALSE;

return TRUE;

TAIWAN https://github.com/TexasInstruments/edgeai-gst- 14
TECH 050005 plugins/blob/main/ext/tiovx/gsttiovxcolorconvert.c
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Object detection dataflow El

320x320

MP USB camera  1280x720 1280x720 12801720
1420 Nvi2 Nv12

IdevivideoX videoljpeg

DSP Source Code Zf 431
» DL-RTZHAE 4B NN =

- Deep Leaming Runtime with DSP offload

3206320
NVi2

1280x720
NV12

3206320
RGB Planar]

1280x720
RGB
I cstreamer piugin with HWA

» C71x DSP Source code Sl

- C71x_0 (DSP)
- MSC (Mult-scaler HWA)
- DSS (Display Subsystem)

1280x720 1chagx1zn
NV12

Display kmssink tiovxmosaic appsrc

T National Taiwan University of R YT RHREARFHRYE
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LES

IOVX G t Objectdetectiondataflow
| streamer Component[&_- = -

> 481t GStreamer Joi4
> DL-RT Source code

gst ti dl inferer class init (GstTIDLInfererClass * klass)

GObjectClass *
gobject_class =

GstBaseTransformClas
gstbasetransfor

GstElementClass *
gstelement

o

=

m_class

gobject_class = (GObjectClass *)
gstbasetransform_class = (GstBaseTransformClas

gstelement_class =

gst element cl: 5

(GstElementClass *) klass;

t details simple (gstelement clas

gst_element_class_add_pad_template (gstelement_class
gst static pad template get (&src template));

gst element class add pad t mplatv (gstelement_class,
gst static pad template get (&sink template));

t_property = gst_ti_dl_inferer_set_property;

t_property = gst_ti dl_inferer_get_property;

C66x_0 -
tiovxdlpreproc

c66x_1 |- [T 320320

ean e offioa 1280x720 appsink
RGB

I svreamer pugin win HwA

- Co80 (0SP)

* Co6 1 (0SP)

- Tt 0sP)

- MSC (Mult-scaler
T 555 (Dpis Supesin)

tiovxmultiscaler
20020
iz
queuel
12806720
Nviz

1280720
RGB

GST_TYPE_TI_DL_INFERER_TARGET,

DEFAULT TI_DL_INFERER TARGET,

GParamFlags) (G_PARAM_READWRITE | GST_PARAM_CONTROLLABLE
G_PARAM STATIC STRINGS)));

https://github.com/TexasInstruments/edgeai-gst-
plugins/blob/main/ext/ti/gsttidlinferer.cop#L270

TAIWAN

TECH: .
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https://github.com/TexasInstruments/edgeai-gst-plugins/blob/main/ext/ti/gsttidlinferer.cpp#L270

LE

TIOVX Gstreamer Component

> EEAgstreamerEHHEE L
> DL-RT##E#8i5Block DSP Code

t gst_element_map
~t ModelConfig

DRE_ID_INDEX = @

__init_ (self, config):

.outputs
flows =
.infer_pipes = []
title = config["title™]

S

Object detection dataflow
P uss canora 1280720 12805120 o o
devivdeoX videalpeg 120 wiz iz

- oo |

B cocioreorier
1SC.

| 192001080 12806720
Wiz

Wiz
Display + m tiovxmosaic

tiovxdlpreproc

20020
N1z

TAIWAN

TECH s
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https://github.com/TexasInstruments/edgeai-gst-
plugins/blob/main/ext/tiovx/gsttiovxcolorconvert.c
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LES

Object detection dataflow pos

1 1280x720 wome  —F—  goa0
deuhideo videaipeg 120 Nz iz

; it
queuel
tiovdlpreproc

12800720
Wiz

> DL-RT#E&E48&Block DSP Code | I .

odel
model_config
model path = mod

enable tidl =

: S IAREEHI{EFHARM Cortex
WZENABLE TIDL

A}

ig(model path,enable tidl,core_id)
SRR B S 80
model obj.create_runtime() EU 3 \ﬂ:i N 9 E[.X

"alpha" model config:

model j.alpha = model config["alf

"wiz_ d” model_config:

model_abj threshold = model config[™v

model config: - ) . .
model_obj.topN = model config["toph"] https://github.com/TexasInstruments/edgeai-gst-
apps/blob/main/apps_python/edge_ai_class.py#L89

f.models[model] = model obj

TAIWAN https://github.com/TexasInstruments/edgeai-gst- e

Systems Lab

TECH 050005 plugins/blob/main/ext/tiovx/gsttiovxcolorconvert.c


https://github.com/TexasInstruments/edgeai-gst-apps/blob/main/apps_python/edge_ai_class.py#L89

LES

o ] A - -
C e ﬁ i —_— Object detection dataflow =
0 u r O e n i E a 1MP USB camera  1280x720 1280x720 1280x720 320x320
— IdevivideoX video/jpeg 1420 NV12 NV12

tiovxmultiscaler

:

3206320

3 NV12
> = m queuel :
— == HA yn [eme] . —
> I I Gstreamer plugins on ARM NV12
ﬁ EJ L I "\n [ compute onARM B tiovxcolorconvert o0 |

:' Deep Leaming Runtime with DSP offload

1280x720 appsink
RGB
B Greamer phoginvin HWA
[ Reroe core o HWA
X ource code o

- C66x_1 (DSP)

r - C71x_0 (DSP)
- MSC (Multi-scaler HWA)
= - DSS (Display Subsystem)

eateContext ();

DSS MsC C66%_0
1280x720
1280x720 RGB.

1 Ff 1 20x108( 1280x720
self->input_buffs[e]-> 1]; 192061080 1220

Nv12 NV12
self->input_buffs[8]-> £ b L
= getTypeSize (self-»input_buffs[@]->type);

nput ref = e ;ensm‘ ( s xt, MUM_TENSOR_DIMS, dim_siz
f->input_buffs[8]->type, 8);
3 hapeEd
= L L3RI A\ B Shapess
(gint i self->input_buffs —>d1m. _1++) {
e DSPHE#EFE R FIOPENVX

(it

self-routput_width;
self->output_height;
1;

CreateTensor (self->context, NUM_TENSOR_DIMS,
. DlInferType UInt8, 8):

s e A BAHAIAARME R

ufpuf hulghf ARM_MAX_OUTPUT_HEIGHT;
rd self->output_width * self->output height;

wowown
s M M M

https://github.com/TexasInstruments/edgeai-gst-
plugins/blob/main/ext/ti/gsttidlinferer.cop#L576

utput_width);
f-»output_height);

TAIWA e B



https://github.com/TexasInstruments/edgeai-gst-plugins/blob/main/ext/ti/gsttidlinferer.cpp#L576

LES

» ce C N\t EE o
ﬁ / = — Object detection dataflow =

video/jpeg NV12

320x320

queuel
NV12

< C66x_0 -
n ﬂ : 1280x720 C66x_0 tiovxdlpreproc
- GStreamer plugins on ARM NV12
E [ compute onARM oS s  tiovxcolorconvert 320x320

RGB Planar]

[ Deep Leaming Runtime with DSP offioad 1280x720
RGB

appsink
I Gstreamer piugin with HWA
[ Remote core or Hwa
X ource coae
- C66x_1 (DSP)
- C71x_0 (DSP)
- MSC (Multi-scaler HWA)

- DSS (Display Subsystem)

GST_TYPE_TI DL_INFERER_ TARGET (gst ti dl inferer target get type()) - e Lo |

1280x720
1920x1080 1280x720 1280x720 xi

GTy pe Display « tiovxcolorconvert

st ti dl _inferer target g

4

Jeiin

2L ER
C7x DSPE#; L TH

if {ltarget_type) {
target_type

g_enum_r ster_static ("GstTIDLInfererTarget”, targets);

https://github.com/TexasInstruments/edgeai-gst-
-eturn target type; plugins/blob/main/ext/ti/gsttidlinferer.cpp#L114

TECH s ZOM :



https://github.com/TexasInstruments/edgeai-gst-plugins/blob/main/ext/ti/gsttidlinferer.cpp#L114
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Edge AI gallery

TDA4VM

Upto 8 TOPS

| Support:

T National Tahwan University of . RBREALRHRBE
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4% im 14

Edge AI gallery

1. A CAxEBRRE R

2. ¥z Ctrl+Alt+F1
3EE A 42 i 1%

TDA4VM

Upto8 TOPS
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AR
. B ks
Arago Project tdadun-sk
Arago 2023.04 tdatun-sk -
tdadum-sk login: root

device sdev/video-usbhb-cant
format = jpeg

root@tdatun-sk:optredgeai-gst-appse

7 A 221l Hz % -
# A root & &% -

\

/ﬁﬁn

moe BY 21 USBAH

Tips: #TabZ B M EIEE

P OIBEIE =
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Mt A R En Rh B TR 1S
MR ER i En 2

v4l2-ctl —1list-devices
tbe< 03t 4 EPi B o] HRY VAL2:] a1
H BRI EZNEESC270 HD WEBCAM (% o] B %M 1H)

oS HA — (B fmensa - BEEMEHEARINEE

root@tdabvm-sk:/opt/edgeai-gst-apps/configs vkl12-ctl —-list-devices
[ 455.337274]1 usb 1-1.1: reset high-speed USB device number 3 using xhci-hcd

/C eV/VIdeOZ TI-CSI2RX (platform:4500000.ticsi2rx):

/dev/medial

TI-CSI2RK (platform:4510000.ticsi2rx):

/C eV/VideO3 /dev/medial
vxkd-dec (platform:uxd-dec):

. /dev/videol
/C eV/med Ia2 ve-enc (platform:vxe-enc):

/dev/videol

€270 HD WEBCAM (usb-xhci-hcd.6.auto-1.1):
/dev/video?
/dev/video3

/dev/media?

TAIWAN
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BE R HEIRIIEE

ioctl: VIDIOC_ENUM_FMT

/dev/video2: TgE& 5218 /R aH R EY

[@]: "Nv12" (Y/UV 4:2:0)

/dev/video3: ErlMetadata R (50 o3

/dev/media2: #%Video PipelineH

v4dl2-ctl -d2 --1list-formats-ext
tIE< O3B BN BB AR~ ~ FPS
(-d2 = /dev/video?2)

Interval:
Interval:
Interval:
Interval:
Interval:
Interval:
Interval:
Interval:
Interval:

Discrete 0.036s (28.000 fps)
Discrete 0.038s (26.000 fps)
Discrete 0.042s (24.000 fps)
Discrete 0.043s (23.000 fps)
Discrete 0.048s (21.000 fps)
Discrete 0.053s (19.000 fps)
Discrete 0.056s (18.000 fps)
Discrete 0.062s (16.000 fps)
Discrete 0.067s (15.000 fps)
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v4l2-ctl -d2 --list-formats-ext | grep Size
(A | grep Sizeff#E T B)="Size"B@H#HFHITT)

root@tdabdvm-sk:/opt/edgeai-gst-appsh v&l2-ctl -d2 —-list-formats-ext | grep Size
[ 997.641270]1 usb 1-1.1: reset high-speed USB device number 3 using xhci-hcd
Size: Discrete 640x480
Size: Discrete 160x120
Size: Discrete 176x144
Size: Discrete 320x176
Size: Discrete 320x240
Size: Discrete 352x288
Size: Discrete 432x240
Size: Discrete 544x288
Size: Discrete 640x360
Size: Discrete 752x416
Size: Discrete 800x448
Size: Discrete 800x600
Size: Discrete 864x480
Size: Discrete 960x544
Size: Discrete 960x720
Size: Discrete 1024x576
Size: Discrete 1184x656
Size: Discrete 1280x1720
Size: Discrete 1280x960
Size: Discrete 640x480
Size: Discrete 160x120
Size: Discrete 176x144
Size: Discrete 320x176
Size: Discrete 320x240
Size: Discrete 352x288
Size: Discrete 432x240
Size: Discrete 544x288
Size: Discrete 640x360
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< BENZEEE(yaml)
< TEconfigsERIR P oD IBEFFMBRNEAEE
AR FEFHobject_detection.yam|E{E

cd ./configs
1s

root@tdabdvm-sk:/opt/edgeai-gst-appsH ls

CONTRIBUTING RERDME.md apps_cpp configs download_models.sh init_script.sh log.txt scripts tests
LICENSE apps-python apps_pvthon docker download_test_data.sh log.log optiflow setup_script.sh
root@tdadvm-sk:/opt/edgeai-gst-apps# cd ./configs

root@tdadvm—sk: /opt/edgeai—gst-apps/configs# ls

app_config_template.yaml http_src_example.yaml object_detection.yaml remote_display.yaml shared_model 1nstance.yaml
display_and_encode_example.yaml 1image_classification.vaml object_detection2.yaml rpiV2_cam_example.yaml single_input_multi_infer.yaml
face detection. 1 imx390 le. 1 od with two sink.yaml

TAIWAN P
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B aeh 5 5l 52 RE

vi object detection.yaml
< £/ vi #REE object_detection.yaml

1%

B A B

SR~ B B RO - FEEm AR

root@tdadvm—sk:/opt/edgeai—gst-apps/configs# vi object detection.vaml

HREE S EE -

TAIWAN
TECH®

title: "Object Detection™
log_level: 2
inputs:
input®:
source: /dev/video?2
format: jpeg
width: 1280
height: 720
framerate: 30
inputl:
source: /opt/edgeai-test-data/videos/video0_1280_768.h264
format:
width:
height:
framerate: 30
loop: True
input?:
SO?FC&Z /opt/edgeai-test-data/images/%B4d. jpg
width
height: 720
index: 0
framerate: 1
loop: True
models:
modelD:
model_path: Zopt/model_zoo/TVYM-0D-5120-ssdLite-mobDet-DSP-coco-320x320
viz_threshold: 0.6
modell:
model_path: Zopt/model_zoo/TFL-0D-2020-ssdlite-mobDet-DSP-coco-320x320
viz_threshold: 0.6
model?2:
model_path: /opt/model_zoo/0ONR-0D-8220-yolox-s-1ite-mmdet-coco-640x640
viz_threshold: 0.6



S flag E

< AREEINpUtsEl N B A BRI E
BE1Z2E (input<BlF> ) B2 ABER R ENBHE -
sourcefCERMAEBRIKR - HtMABR~ ~ BEE
o] PIBEBE#Binput - 2RKREDJLIEF R ~ BlR - HESEE

o 1 . title: "Object Detection”
e.g. |nput0 N Inputl... log_level: 2
inputs:
inputB:
source: /dev/video?2
format: jpeg
width: 1280
height: 720

framerate: 30
inputl:
source: /opt/edgeai-test-data/videos/videoB_1280_768.h264
format: h264
width: 1280
height: 768
framerate: 30
loop: True
input?:
source: /opt/edgeai-test-data/images/%04d. jpg
width: 1280
height: 720
index: 0
framerate: 1
loop: True
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< ArEEmModelsEi 0 B N iR E A &

ZE 158 ( model<&=F> ) i E MR ERBAHE -
model_pathfUF&RHE R ERIARE K 2
o] FHMImodels &£ /opt/model_zooA
o] LB B#iEmodel

models:
model0:
model path: 7opt/model_zoo/TYM-0D-5120-ssdlL1ite-mobDet-DSP-coco-320x320
y Yiz_threshold: 0.6
modell:

model _path: Zopt/model_zoo/TFL-0D-2020-ssdlL1te-mobDet-DSP-coco-320x320
viz_threshold: 0.6

model?2:
model path: 7opt/model_zoo/0ONR-0D-8220-yolox-s-11te-mmdet-coco-640x640

viz_threshold: 0.6

TAIWAN W o
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Y14 3% 58 56 151 5% RE
< fmEEoutputsEl D B ol i B AUt E
BEFZE (output<EF> ) 28 B O EN 2

sinkCEREE BN E2HE (N RE2REH2HHIER)
kmssink 2 55 = g

outputs:
output0:
sink: kmssink
width: 1920
height: 1080
overlay-perf-type: graph
outputl:
sink: /opt/edgeai-test-data/output/output_video0.mkv
width: 1920
height: 1080
output?:
sink: Zopt/edgeai-test-data/output/output_image_%04d. jpg
width: 1920
height: 1080
output3:
sink: remote
width: 1920
height: 1080
port: 8081
host: 127.0.0.1
encoding: jpeg
overlay-perf-type: graph

TAIWAN Vg
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S flag E

< #miE flowsl o Bl E RN E

= AR EERZEMR - A EEE - &2

= OJUERZE flow REIRZEA - ERFZHEEZHEE

= EPES ([]1) AFH L
MABRRESHE  HREEXTERZH WL B ERHE
- BETRZEA{I[offset(x), offset(y), B AR Fwidth, @A RS
height]
xR R ZELEE RS (ULEERH)

0 320+1280 = 1600 (<1920) ~ 150+720 = 870 (<1080)

flows:

B flowd: [input®,model?,outputd,[320,150,1280,7201]
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B 7o
AR [offset(x), offset(y), #i AR Jwidth, &1 AR~ height]

Object Dete

s —ON—=R2 3N —vnlav—m—lita —mmdat —~nrn—-RANVARAD

N e & 37

1311MB/s 495MB/s 1806MB/s
|
| E
\
|| ==
DDR WR DDR Total
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SRR AREE 2R

EENEETL
Emodel_zooFalLIEENZ ol EHEREE - AR ELLE
DR S B A S R ACT I E A R
*ONR-0OD-8220-yolox-s-lite-mmdet-coco-640x640

*ONR-OD-8270-yolox-pico-lite-mmdet-coco-320x320
*ONR-OD-8200-yolox-nano-lite-mmdet-coco-416x416

da : edgeal-gst-appst

root@tdadvm sk: /optH 1s

containerd edgeai-gst-apps edgeai-test-data imaging oob-demo-assets tidl_test
edgeai-apps-utils edgeai-gst-plugins edgeai-tiovk-kernels 1tp ti-gpio-cpp vision_apps
edgeai-dl-inferer edgeai-studio-agent edgeai-tiovx-modules model zoo ti-gpio-py vx_app_arm_remote_log.out

oot@tdabum- sk./opt/model zoo#t 1s

ONR-CL-6360-regNetx-200mf ONR-SS-8818-deeplabv3lite-mobuv2-gat-robokit-768x432 unsupported_models. txt
ONR-0D-8020-ssd-11te-mobv2-mmdet-coco-512x512 TFL-CL-0000-mobileNetY1-mlperf yolovo_640
ONR-0D-8200-yolox—nano-1ite-mmdet-coco-416x416 TFL-0D-2020-ssdl 1 te—-mobDet-DSP-coco-320x320 volox
ONR-0D-8220-yolox-s-1ite-mmdet-coco-640x640 TFL-SS-2580-deeplabv3_mobv2-ade20k32-mlperf-512x512 yolox_old
ONR-0D-8270-yolox—pico-1lite—-mmdet-coco-320x320 TVH-CL-3090-mobileNetV2-tv voloxs
ONR-0D-8420-yolox-s-11te-mmdet-widerface-640x640 TYM-0D-5120-ssdlL1te-mobDet-DSP-coco-320x320
ONR-SS-8610-deeplabv3lite-mobv2-ade2Bk32-512x512 TVYM-SS-5710-deeplabv3lite-mobv2-cocoseg?1-512x512

TAIWAN e
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SRR AREE 2R

AR YRR IO
AtAA . AP(ERER)

£EZ UL

model_zoo for Object Detection
https://github.com/TexasInstruments/edqgeai-
modelzoo/tree/main/models/vision/detection

Input AP[0.5:0.95]%,

GigaMACS Available
AP50%

Dataset Model Name .
Size

YOLOX models

YOLOX-m-Lite 640x640 : 44.4,62.9
YOLOX-s-Lite 640x640 38.3, 56.9
YOLOX-tiny-Lite 416x416 30.5,47.4

YOLOX-nano-Lite (depthwise=False) 416x416 24.8, 40.1

YOLOX-pico-Lite (depthwise=False) 320x320 17:9;29:4

YOLOX-femto-Lite (depthwise=False) = 320x320 12.7, 21.9

TAIWAN
TECH o



https://github.com/TexasInstruments/edgeai-modelzoo/tree/main/models/vision/detection

SEATIMARREZIR
W7 FEER(RE LA TR

./download models.sh
=78 : FHModel Downloader Tool - FEj{=HY

root@tdabvm-sk:/opt/edgeai—-gst-apps# ./download models.sh

Select Models to Download

--Model Downloader--- ——

Keys:
Up-Down to Navigate Menu
Space to Select Models
Enter to Continue

1 lassification all models

1 ONR-CL-6090-mobileNetY2-tv 14M

1 ONR-CL-6098-mobileNetVY2-tv-qgat 14M

1 ONR-CL-6100-resNet18 48M

1 ONR-CL-6110-resNet50 104M

1 ONR-CL-6160-regNetX-400mf-tv 23M

1 ONR-CL-6170-regNetX-800mf -ty 30M

] ONR-CL-6180-regNetX-1.6gf-tv 38M

1 ONR-CL-6360-regNe tx-200mf 11M

1 ONR-CL-6480-mobv3-lite-small 8M

1 ONR-CL-6488-mobu3-1ite-small-gat 8M

1 ONR-CL-6490-mobv3-1lite-large 16M

1 TFL-CL-000808-mobileNetY1-mlperf 1M

1 TFL-CL-8010-mobileNetV2 144

1 TFL-CL-0080-mobileNet-edgeTPU-mlperf 17M
1 TFL-CL-0090-efficientNet-edgeTPU-s 23M
1 TFL-CL-0130-efficientNet-1ited 19M

1 TFL-CL-0160-resNet50V1pS5-mlperf 106M

1 TVM-CL-3090-mobileNetV2-tv 43M

1 Gfetection all models

1 )UNR-UD-8@2@—ssd—lite-mobu2-mmdet-coco—512x512 13M
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S A
& AT T
./apps_python/app_edgeai.py ./configs/object detection.yaml
B ASHIE 2 A S IR

Model : ONR~SS~872~despladv3lite~regnetxB00mf~cocoseg21-512x512 ol : = ~DSP~¢: 20% 32! Model : TFL=-00~202~ssdlite~mobDet~DSP~coco=-320x320 Model : TVM~CL~338~mobileNetv2~qot
P = 't gt - ;

borzel, Russion wolfhound

https://software-dl.ti.com/jacinto7/esd/processor-sdk-linux-sk-
tdadvm/08 05 00/exports/docs/running advance demos.html
< e

ol 41 E“ B
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https://software-dl.ti.com/jacinto7/esd/processor-sdk-linux-sk-tda4vm/08_05_00/exports/docs/running_advance_demos.html

SEATIMARREZIR
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Object Detection
Model : ONR—0OD—-8230-yolox—m—lite—mmdet—coco—640x640

N I 3 (IR EE

1311MB/s 495MB/s 1806MB/s

|
DDR WR DDR Total
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Object Detection

Object Detection Model : ONR—OD—8200—yolox—nano—lite—mmdet—coco—416x416

Model : ONR—OD—8270—yolox—pico—lite—mmdet—coco—320x320

2118MB/s

1362MB/s 707MB/s 2069MB/s
i DDR Total
=

DDR Total

Pico-lite nano-lite
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i

i

Object Detection
Mod‘el : ONR—-0OD—-8230-yolox—m-—lite—mmdet—coco—640x640

Object Detection
Model : ONR—OD—820—yolox—s—lite—mmdet—coco—640x640

2666MB/s 335»8"8/5

[

L

DDR Total

DDR Total
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% -~ =2/ E A E R E A (28 A S HEIE)

V% 5}?
1. VideoO 1280 760.h264
2. 00b-gui-vide09.h264

TR
1. Format & h264 g} auto
2.\ R~ 7B EER N

3. XFZ{Eflow
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https://www.ti.com/product/zh-tw/TDA4VM?bm-verify=AAQAAAAJ_____6s_tXiu_2C7ZcDqINmFhC3YhHyXUwUtaXbOx2Fkr9Ag3nEG0teVIF29vDC6dpcYsMiYXC5T04r5FWv-5pz5m7mXDJq9dWi56JoWAeWBJDK63ImpJyzE0ZQ59FO_sS9XhWq3TQPHyEPnnq8gW8AEBzh_OiiiwJeYVeY_2L8TKkZ2Qz3TnrMRpi2QSqsLRguhbF6HU9pO8lJDDb8CIoqUWkadStw8L-7QnNQ6_i6q4HzgG6DrH-DdMJlhhBvhnjrfWmETwkwJJkBkgjFT6jzsnnZz2wuckCrFo_vfhxk4-2HXI4BlEC2u_y6eFg
https://www.ti.com/lit/pdf/sprz455
https://www.ti.com/lit/zip/spruil1
https://www.ti.com/lit/pdf/spracp4
https://www.ti.com/lit/gpn/tms320c6652
https://www.ti.com/lit/pdf/sprz381
https://www.ti.com/lit/pdf/spruj21
https://www.ti.com/lit/pdf/sszqpb1
https://www.ti.com/lit/ug/slau395f/slau395f.pdf?ts=1719896877875&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/lit/gpn/am4372
https://www.ti.com/lit/pdf/spruhl7
https://www.ti.com/lit/ug/spru656a/spru656a.pdf?ts=1719897042943&ref_url=https%253A%252F%252Fwww.google.com%252F

