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x8 DMI 4.0

 DisplayPort 1.4b DDR4/5

USB 3.2 Gen 2x2 (20 Gb/s)
USB 3.2 Gen 2x1 (10 Gb/s) 

x16 PCIe 5.0

x4 PCIe 4.0

SATA 3.0 

eSPI SPI SMBus
MIPI 

SoundWire

2CH/2DPC

USB 3.2 Gen 1x1 (5 Gb/s) 

DP 1.4a/HDMI 2.0b

 Wi-Fi 5

Thunderbolt™ 4

x16 PCIe 3.0

x4 DDI

 Wi-Fi 6E

x12 PCIe 4.0

TSN  2.5GbE LAN
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CPU A CPU  
(P+E)B

  
 

(L3)

 
 

(W)

 P-core 
C

 E-core 
C

GFX  ECC
  

vPro PCH

 ™  
i9-12900E 16 (8+8) 24 30 MB 65

  
5 GHz

  
3.8 GHz

32 EU

D  R680E W680 

 Q670E Q670 

 H610E H610 

 ™  
i9-12900TE 16 (8+8) 24 30 MB 35

  
4.8 GHz

  
3.6 GHz

32 EU

 R680E W680 

 Q670E Q670 

 H610E H610 

 ™
i9-12900 16 (8+8) 24 30 MB 65

  
5 GHz

  
3.8 GHz

32 EU

 R680E W680 

 Q670E Q670 

 H610E H610 

 ™  
i7-12700E  12 (8+4) 20 25 MB 65

  
4.8 GHz

  
3.6 GHz

32 EU

D  R680E W680 

 Q670E Q670 

 H610E H610 

 ™  
i7-12700TE  12 (8+4) 20 25 MB 35

  
4.7 GHz

  
3.6 GHz

32 EU

 R680E W680 

 Q670E Q670 

 H610E H610 

 ™  
i7-12700  12 (8+4) 20 25 MB 65

  
4.8 GHz

  
3.6 GHz

32 EU

 R680E W680 

 Q670E Q670 

 H610E H610 

 ™  
i3-12100E  4 (4+0) 8 12 MB 60

  
4.2 GHz

24 EU

D  R680E W680 

 Q670E Q670 

 H610E H610 

 ™  
i3-12100TE  4 (4+0) 8 12 MB 35

  
4.0 GHz

24 EU

 R680E W680 

 Q670E Q670 

 H610E H610 

 ™  
i3-12100  4 (4+0) 8 12 MB 60

  
4.3 GHz
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• CPU VNNI ® DLBoost
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OpenVINOm™ AI

 I/O
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• PCle4.0
• PCle3.0

• ® vPro SKU
• ® 16

• (soldereddown)BGA

• 

• indows 10 IoT Enterprise 2021 LTSC
• Yocto Project Linux
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       OPIO           x8 Gen2

 DisplayPort 1.4b LP4x/5

x10 USB 2

x8 PCIe 4.0

x2 SATA 3.0 

eSPI SPI

HBR3 DDR4/5

x4 DisplayPort 

x4 USB 3

HDMI 2.0b

 (ISH)

x4 Thunderbolt™ 4

x12 PCIe 3.0

MIPI /IPU  IOTG 
Thunderbolt™ 4  IOTG 

MIPI DSI 2.0

Wi-Fi 6E(Gig+) 

x8 PCIe 4.0 
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Platform Brief  |  Intel Atom® x6000E Series and Intel® Pentium® and Celeron® N and J Series Processors 

4

GPIO (SIM Det/RF Kill)

UART (PSE) x3

MEMORY DOWN
STORAGE OPTIONS

LP4x
Up to 
3200
16Gb

CH0 x32 CH3 x32

SPI 
NOR

SPI
CS0

TPM_CS

TYPE A

RJ45

RJ45

RJ45

SD 3.01

RGMII (GbE1)

HDA/GPIO/I2C

DDI1

HDMI 

I2C (PSE)/GPIO
M.2 Key E

conn
PCIe x1 (Wi-Fi discrete)

USB 2.0/UART/I2S (BT discrete)

PCIe G3 x 2 

XCVR
RS232/RS422/RS485 

ADC x8 SATA/USB2/PCIe x2/I2S 

Intel® SI Signals

DDI0
eDP

Discrete VRsPower Management Signals

JTAG/PTI

VSYS (12V)

V3P3A

V1P8A

VCCIN_AUX

VDDQ

VPP

VCCIN
VRTC

DDI2

DP++

Onboard components
Connectors

Plugin components
UFS
2.0

(600MB/s)

X2

USB-C
USB 3.1

USB 2.0

X MUX

PD CNTRL
I2C (PSE), SML

Audio 
Codec

eMMC 
5.1

HS400

VCCIO

LEDs/PWRBTN/SYS_RSTB

TYPE A

uAB USB

TYPE A

SWD/SWO/ETM

M.2 Key B
conn

I2S

eSPI

DMICs

uAB

uSD socket

BridgeUART2 (debug)

CH2 x32CH1 x32

LP4x
Up to 
3200
16Gb

LP4x
Up to 
3200
16Gb

LP4x
Up to 
3200
16Gb

SPI

RGMII PHY

RGMII PHY

SGMII PHY

RGMII (GbE0)

SGMII (Host GbE) 

QEP0/1/2/3
TSN AUX/PPS 

PWM x8/TGPIOs x8

USB/DP only

4k60

4k60

USB 3.1
USB 2.0

USB 3.1

CAN FD x2
USB 2.0

USB 3.1
USB 2.0

USB 2.0 

CAN PHY

x4 PCIe Slot

MIPI-60

Cortex Debug Conn

Processor

Compute
Die

PCH
CC1&2

4k60

uSD 
Card

Reference platform
Intel Atom x6000E Series and Intel Pentium and Intel Celeron N and J Series Processors  
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Intel Confidential 17Internet of Things Group

Elkhart Lake SKU Map (Pentium®/Celeron® SKUs)

* Please refer to EDS documentation for details on the GFx HFM for Real-Time industrial SKUs.

All SKUs pin compatible 

1Since all cores in C0 state will run at the same frequency, this frequency is only available for these SKUs when at least 2 cores are disabled or are in a C1 state or below.

Intel® Celeron® 
Processor J64131

Intel® Celeron® 
Processor J64121

Intel® Pentium® 
Processor J6426

Intel® Celeron® 
Processor N62111

Intel® Celeron® 
Processor N6210

Intel® Pentium® 
Processor N64151

Use condition PC Client

Cores 4 4 2 4

TDP 10W 10W 6.5W 6.5W

HFM 1.8GHz 2.0GHz 1.2GHz 1.2GHz

Burst Frequency Single/Dual Core Rate1 3.0GHz 3.0GHz 3.0GHz 3.0GHz

Burst Frequency Triple/Quad Core Rate 2.7GHz 2.7GHz 0 MHz 2.7GHz

Intel® UHD Graphics 16EUs 32 EUs 16EUs 16EUs

GFX HFM 400MHz 400MHz 250MHz 350MHz

GFX Burst (Turbo) Mode 800MHz 850MHz 750MHz 800MHz

Tj 0 to +105C 0 to +105C 0 to +105C 0 to +105C

Ta 0 to 70C 0 to 0 to 70C 0 to 70C 0 to 0 to 70C
Integrated Heat Spreader (I.H.S) 

(i.e.Lid) No No No No

Intel® Programmable Services Engine Enabled Disabled Enabled Enabled Disabled Enabled

In-Band ECC No No No No No No

Intel® Time Coordinated Computing No No No No No No

FuSa No No No No No No

hongwei

11447230 hongwei w
a

11447230 hongwei w
a

11447230 hongwei w
a

Intel Confidential 18Internet of Things Group

Elkhart Lake SKU Map (Atom SKUs)
* Please refer to EDS documentation for details on the GFx HFM for Real-Time industrial SKUs.All SKUs pin compatible 

1Since all cores in C0 state will run at the same frequency, this frequency is only available for these SKUs when at least 2 cores are 
disabled or are in a C1 state or below.

Intel 
Atom® 
x6211E 

Processor1

Intel 
Atom®
x6413E

Processor

Intel
Atom®
x6425E

Processor

Intel
Atom®

x6212RE
Processor

Intel
Atom®

x6414RE
Processor

Intel
Atom®

x6425RE
Processor

Intel
Atom®

x6427FE
Processor

Intel
Atom®

x6200FE
Processor

Intel
Atom®

x6400FE
Processor

Use condi on Embedded Industrial

Cores 2 4 4 2 4 4 4 2 4

TDP 6W 9W 12W 6W 9W 12W 12W 4.5W 7.5W

HFM 1.3GHz 1.5GHz 2.0GHz 1.2GHz 1.5GHz 1.9GHz 1.9GHz 1.0GHz 1.0GHz

Burst Frequency 
Single/Dual Core Rate1 3.0GHz 3.0GHz 3.0GHz N/A N/A N/A N/A N/A N/A

Burst Frequency 
Triple/Quad Core Rate 0 MHz 2.7GHz 2.7GHz N/A N/A N/A N/A N/A N/A

Intel® UHD Graphics 16EUs 16EUs 32EUs 16EUs 16EUs 32EUs 32EUs N/A N/A

GFX HFM 350MHz 500MHz 500MHz 350MHz 400MHz 400MHz 400MHz N/A N/A
GFX Burst (Turbo) 

Mode 750MHz 750MHz 750MHz N/A N/A N/A N/A N/A N/A

Tj -40 to +105C -40 to +105C -40 to +105C -40 to +110C -40 to +110 -40 to +110C -40 to +110C -40 to +110C -40 to +110C

Ta -40 to +85C -40 to +85C -40 to +85C -40 to +85C -40 to +85C -40 to +85C -40 to +85C -40 to +85C -40 to +85C
Integrated Heat 
Spreader (I.H.S) 

(i.e.Lid) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes

Intel® Programmable 
Services Engine Enabled Enabled Enabled Enabled Enabled Enabled Enabled Enabled Enabled

In-Band ECC Yes Yes Yes Yes Yes Yes Yes Yes Yes
Intel® Time 

Coordinated 
Compu

No No No Yes Yes Yes Yes Yes Yes

FuSa No No No No No No Yes Yes Yes
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Industry 
Initiative 

Scalar Vector Spatial Matrix 

Middleware & Frameworks 

Application Workloads Need Diverse Hardware 

CPU GPU FPGA Other accel. 

XPUs 
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2 

Low-Level Hardware Interface 

Libraries Languages Compatibility Tool Analysis & Debug 
Tools 

Intel® oneAPI Product 

CPU GPU FPGA 

Middleware & Frameworks 

Application Workloads Need Diverse Hardware 

... 
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__m512i w_512_inFeature;

__m512i w_512_dbFeature, w_512_mul, w_512_sum;

int outPut;

{

}

return outPut;
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{

 {

 }

}

int32_t ipprgbStep = src.size().width;



 —
 

04
{

 {

 }   

}

{

  {

  }

}



 —
 

04

{

}

{

}

{

 {

 }

}



 —
 

04

 



 —
 

04

 
Solution 

 
 

3D Vision Acceleration for Intel IoT Platforms - 3D Registration Use Case 
White Paper  October 2021 
12   Document Number: 658561-1.0 

Figure 4.  3D Vision System Architecture 

 

 

 Intel® oneAPI Base Toolkit 

The toolkit helps deploy the computing of 3D traditional algorithms on parallel 
processing unit of heterogeneous accelerators like CPU, GPU, or FPGA. It 
consists of SYCL DPC++ parallel programming interface, Parallel Standard 
Template Library (Parallel STL), and some analytics tools to profile the 
computing. 

 FLANN-DPC++ 

The FLANN library parallels the kdtree indexing and searching with SYCL 
DPC++ and Parallel STL. 

 PCL-oneAPI 

The Point Cloud Library (PCL) is a stand-alone, large scale, open project for 
2D/3D image and point cloud processing. 

The PCL-oneAPI library enables FLANN-DPC++ in kdtree searching and sample 
consensus for registration algorithms. 
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Solution 

 
 

3D Vision Acceleration for Intel IoT Platforms - 3D Registration Use Case 
White Paper  October 2021 
14   Document Number: 658561-1.0 

Figure 5.  Outline of 3D Registration 

 

 

 

2.4.2 Coarse Registration 

Traditional coarse registration approaches are based on point descriptors, which 
depend on local information around points, while Point Pair Feature[6] (PPF) algorithm 
proposes a novel method that creates a global model description based on oriented 
point pair features and matches that model locally using a fast-voting scheme. 

 Model Globally creates a global model description based on oriented point pair 
features. The global model description consists of all model point pair features 
and represents a mapping from the point pair feature space to the model, 
where similar features on the model are grouped. Such representation allows 
using the much sparser object and scene point clouds, resulting in very fast 
performance. 

a. Point Pair Feature 

As shown in Figure 6(a), point pair feature F of two oriented points includes 
a distance of the points F1, and three angles – F2 and F3 is the angle 
between the normal and the vector defined by the two points, and F4 to the 
angle between the two normal. 

 
Optimize 3D Registration by Leveraging Intel’s Assets 

 
 

3D Vision Acceleration for Intel IoT Platforms - 3D Registration Use Case 
White Paper  October 2021 
30   Document Number: 658561-1.0 

Figure 19.  Work-group of ND-Range Kernel Execution 

 

Each work group is assigned a unique work group id and execute on a single compute 
unit with its own local memory. A work group consists of work items identified by its 
global id, or local id unique within the work group. Each work item executes the same 
codes, as an instance of the kernel function, but varying according to the specific id of 
the work item. 

Figure 20.  Work-group Maps to Integrated GPU of 11th Gen Intel® Core™ Platform 

 

The integrated GPU of 11th Gen Intel® Core™ platform contains up to 96 compute units. 
Each compute unit contains processing elements to execute work items in parallel. 
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Optimization Results 

 
 

3D Vision Acceleration for Intel IoT Platforms - 3D Registration Use Case 
White Paper  October 2021 
38   Document Number: 658561-1.0 

Figure 24.  PCL versus PCL-oneAPI 

 

Table 9.  PCL versus PCL-oneAPI 

Registration 
Workloads (4K) 

PCL (ms) PCL-oneAPI (ms)  Perf gain 

MLS 778 108 7.203704 

SAC 3457 1025 3.372683 

ICP 690 322 2.142857 

Total 4965 1455 3.412371 
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ASRock Industrial Computer Corporation
B2B

ASRock Industrial
53%

OEM/ODM

• 

• 

• 

• 

• 

• 

• 

iEP-9010E

iEP-9010E Edge AIoT 12 Intel® Core™
DDR4 128GB M.2
I/O COM

RS232/422/485 COM RS232
DI/DO

Intel® EII

iEPF-9010S-EY4

iEPF-9010S-EY4 AIoT 12 Intel® 
Core™ DDR4 ( 128GB) M.2

I/O PCIe Gen4x4
PCIe Gen4x8 PCIe Gen4x16

-40°C 75°C

•  Gen Core™ R680E

• 4 260-pin DDR4 SO-DIMM
128GB DIMM 32GB

• 1 PCIe x16 PCIe Gen4 2 PCIe x8
PCIe Gen4 2 PCIe x4 PCIe Gen4

• 1 M.2 Key M 1 M.2 Key B 1 M.2 Key 
E 2 Mini PCIe

• 6 USB 3.2 Gen2x1

• 5 Intel 2.5G LAN 2 PoE 1
vPro

• 8 DI 8 DO

• 1 DisplayPort 1 HDMI 
2.0b 1 VGA

• AI
275mm x 

124mm x 60mm x x 255W
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iEP-9010E

™U

Tiger Lake UP3 4 POE

9~36V

iEPF-9010S-EY4

iEPF-9010S-EY4 AIoT

 ™ DDR4 ( 128GB) M.2

I/O PCIe Gen4x4

PCIe Gen4x8 PCIe Gen4x16

-40°C 75°C

• 

• 

• 

• 

• 
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CBX-29B1

CBX-29B1

 Tiger Lake DDR4 3200 Mhz

32GB
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E612

, 

11 Tiger Lake-UP3 DI/DO, Encode, 

LED,  Trigger RS-232/485 IO

 7 x 24

• 

• 

• 

• 

• 

• 

• 

• 

E612
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NP-6135-H1B-10500
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Q-BOX-K1 12  Alder Lake-P/-U/-H

14 /20 TDP 28W

CPU GPU

I/O 9-36V

-20-60°

Q-BOX-K1
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CIS-RTLU-LW01

TigerLake UP3

12~24V

4

GPIO CAN 

2.0B 4K HDMI DP++ 

OS Recovery 

CIS-P15G-LW01



 


