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Abstract  

We have developed a 1/3.2-inch, 1.27Mpixel, 500fps (0.31Mpixel 1000fps 2x2 binning) vision chip with 3D stacked 

column-parallel Analog-to-Digital Converters (ADCs) and 140 Giga Operation Per Second (GOPS) programmable 

Single Instruction Multiple Data (SIMD) column-parallel PEs for diverse sensing applications. The 3D stacked structure 

and the column parallelized processing architecture achieve high sensitivity, high resolution and high accuracy object 

positioning for diverse sensing applications. 

 
1. Introduction 
High-speed vision systems that combine 
high-frame-rate imaging and highly parallel 
signal processing enable extremely high speed 
visual feedback to rapidly control  machines as 
compared to human-visual-recognition speeds. 
Such systems also enable a reduction in circuit 
scale by using a fast and simple algorithm 
optimized for high frame-rate processing [1]. 
Previous studies on vision systems and chips 
[1-4] have yielded low imaging performance due 
to large matrix-based processing element (PE) 
parallelization [1-3], and low functionality of 
the limited-purpose column-parallel PE 
architecture [4], constraining vision-chip 
applications.  
This paper presents a 1/3.2-inch, 1.27Mpixel, 
500fps (0.31Mpixel 1000fps 2x2 binning) vision 
chip with 3D stacked column parallel ADCs 
(Analog-to-Digital Converter) [5] and 140GOPS 
(Giga Operation Per Second) programmable 
SIMD (Single Instruction Multiple Data) column 
parallel PEs for diverse sensing applications[6]. 
 

2. Circuit Configuration 
The block diagram of the chip is shown in figure  
1. This sensor consists of the pixel array, the 
column parallel single-slope ADCs, the column 
parallel 4b/1b PEs, a 1b frame memory, a 4b/1b 
serial image processor, a 12b/10b/4b image data 
transmitter, MIPI interface, and a CPU 
connected with a sensor controller. The ADCs 
operate in 4b mode for high-speed vision 
sensing and in 12b/10b mode for viewing. The 
architecture, composed of column parallel ADCs 
and PEs and frame memory, solves the 
constraint of the process-able pixel count due to 
the number of PEs and enables 140GOPS 4b 
inter-pixel and 1b inter-frame operations. The 
serial image processor aggregates the data from 
column PEs to realize various sensing functions. 
The image data transmitter embeds the results of 
vision sensing into the image data and outputs 
1.27Mpixel, 60fps/120fps/500 fps images 
(0.31Mpixel, 120fps/240fps/1000fps, using 2x2 
binning). The speed of the MIPI interface is 
864Mbps/lane using 4lanes. The CPU performs 
high speed AE (Auto Exposure) and AWB (Auto 
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White Balance) and feeds back to the sensor 
controller to improve the robustness of the 
imager to lighting variations for vision sensing. 

 

Figure 1: Block diagram of the chip 
 

The schematic diagram of the 4b programmable 
PE is shown in figure 2. The 4b PE consists of a 
compact, bit-serial Arithmetic Logic Unit (ALU), 
32-bits of local memory, ALU with operand 
selector, and an output register. This 4b PE can 
be controlled by eight instructions and the 
bit-serial ALU supports arithmetic operations, a 
shift operation, and logical operations. To 
achieve processing within only a few cycles, all 
selection signals to the PE are fixed in one 
instruction. The 4b PEs achieve 140GOPS at a 
108MHz peak frequency because a 1b primitive 
operation takes 1cycle and 1304 PE × 108MHz = 
140GOPS.  Power dissipation is 0.23mW/GOPS 
because the 4b PEs power consumption is 32mW. 
The PE inputs can be selected from 3 data 
sources; neighbor pixel data, processed data in 
the neighboriong PEs and data in its own work 
memory. These data realize highly flexible 
spatial operations 

 

Figure 2:   Schematic of the 4b PE 
 

The schematic diagram of the 4b PE SIMD 
controller is shown in figure 3.  

Although the SIMD has a small circuit scale, 
there is a constraint that arithmetic processing 
can not be performed for each pixel.  
A maximum of four different programs can be 
configured simultaneously and an effective 
operation program can be selected at each frame 
or line. It enables spatial processing color by 
color and dynamic program selection that adapt 
sensing operations to improve the  accuracy of 
the processing.   

 
Figure 3:  Column 4b PEs SIMD Operation  
 
The schematic diagram of the 1b PE with frame 
memory is shown in figure 4. The ALU in the 1b 
PE consists of primitive logic gates for 1b 
inter-frame operations such as: self-window 
method [1], or inter-frame difference method to 
extract moving objects. The 1b PEs enable 
chroma-based binarization by thresholds for 
each color or hue threshold and target detection 
using temporal variation between a current 
frame and the previous frame buffered in the 
frame memory. 

 
Figure 4: Schematic of the 1b PE with frame 

memory 
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3. Chip Specifications 
The specifications of the vision chip are 
summarized in Figure 5.  The upper part of the 
chip is fabricated using a 90nm, 1P4M MOS 
process. The lower part of the chip is fabricated 
using a 40nm 1P7M logic process.  The 3D 
stacked structure therefore use separate logic 
and pixel processes. The upper part of the chip 
consists of only pixels. It can achieve high 
resolution and high sensitivity with 
back-illuminated pixels [7]. The lower part of 
the chip, using an advanced logic process, 
contains large amounts of logic. The chip 
performance achieves 1.27Mpixel, 500fps 
operation at 4b resolution, and 0.31Mpixel, 
1000fps at 4b resolution. 

 

Figure 5: Chip specifications 
 

The chip photomicrograph is shown in Figure 6. 
The chip size is 9.31mm (H) x 6.84mm (V).   

 

Figure 6: Photomicrograph of the chip 

 
A performance comparison between three vision 
chips is summarized in Figure 7. This work 
achieves superior performance in all figures of 
merit; pixel size, pixel fill factor, array 
efficiency, processing operations, and power  
consumption. This results in superior centroid 
calculation, and tracking of faster and smaller 
objects than conventional vision chips. 

 

Figure 7: Comparison of vision chips 
 

This high-speed vision chip with a 3D stacked 
structure can solve the issues of large chip size, 
lighting variation, low sensitivity, low 
resolution, and improve the accuracy of sensing 
applications such as centroid calculation.  
 
4. Applications 
 
The main vision sensing functions of the chip 
are; (a) 4b spatial processing, (b) target 
detection and tracking using chroma and 
temporal information, (c) target feature 
extraction (moment, centroid, motion vector) 
using up to 6 Regions of Interest (ROIs), and (d) 
luminance histogram calculation for each color.  
The vision chip has several functions to improve 
accuracy of centroid calculation despite 
spatio-temporal noise; 4b noise spatial reduction, 
1b foreground extraction, 1b morphological 
processing, centroid Low Pass Filter (LPF).  
Multiple ROIs enable various calculations such 
as distance and size estimation.  Multiple targets 
with different conditions can be tracked by 
changing the setting of each ROI.  
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The experimental results of multi -target tracking 
are shown in Figure 8.  

 

Figure 8: Multi-target tracking 
 

High-speed tracking of targets (fast moving 
objects) is achieved under non-optimal lighting 
conditions. The detection method achieves 
foreground target extraction by subtracting the 
1b background data stored in frame memory 
from the captured image. The experimental 
results of background difference using the fra me 
memory are shown in Figure 9.  

 
Figure 9: Background difference method 

using frame memory 
 
5. Conclusion 
This paper presents a high-speed vision chip 
with 3D stacked column parallel ADCs and 
140GOPS programmable SIMD column parallel 

4b/1b PEs. The chip achieves high-speed and 
functional vision sensing with high-sensitivity, 
high resolution and high accuracy of target 
information extraction.  
 It can be applied to a wide variety of sensing 
applications in real-world situations including 
general-purpose, low cost sensors.  
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