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. A I L4 E % IT T IE FPGA (field programmable gate array) #94 & 84F , 42 & 38 B = %,
%1t 7 # F SV-DPI (SystemVerilog-direct programming interface) # FPGA E #ft 1 iEF & . X /5 DPI
(direct programming interface) w28 oA, LI T SystemVerilog “F & C++HwEE=, M2
T4 X LA E BRSO TR A R A G IEAE A, S T WM E S £ F 44 (transaction level) %A
Wi, EREXAENTERARIET &, ZTFEEMHEE, TUREZARB =L, SEHERAHE,
MRER B Ehae, TATLIEGTTRMNEBE FPGA W EFHNNK, ek E=ZXIAE
100%, A % %% FPGA MR- F a2 R AH, #e T NAREANAFE.
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Automatic Verification of Field Programmable Gate Arrays
for Dead Pixel Correction

LI Yanlong, YANG Qi, WANG Xuefeng
(Xi’an Microelectronic Technique Institute, Xi’an 710065, China)

Abstract: To accelerate the simulation speed and improve the coverage of verification for a field
programmable gate array (FPGA) implemented with dead pixel correction of an infrared image, an FPGA
automatic verification platform based on SystemVerilog-Direct programming interface(SV-DPI) was
designed. Using DPI programming interface technology, the C++ programming language was invoked by the
SV platform. A generator and correction model for dead pixel data of infrared images was built. This
established a communication between two languages on the transaction level. The results show that,
compared with the traditional verification method, the proposed platform is simple in structure and can
quickly generate a test vector, construct a reference model, and check results automatically. It realizes
automated verification for an FPGA implemented with dead pixel detection and correction of an infrared
image. The function coverage can reach 100%. It effectively shortens the period of construction and
debugging for the FPGA verification platform and improves the efficiency and quality of verification.

Key words: automated testing, FPGA verification, dead pixel correction of infrared image, verification
platform
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‘ image DUT ‘
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Fig.1 Structure of the verification platform
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(Case_n) . EIMGHEHEE RS (C++_gen_data)
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Bith (OUT agent) . ZH B A B (C+ +
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WIANE DUT MEEEE NS EHRRIN, H A5
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FIHHE 25 xR

6) HE 4 SR LU SEHORE G B i H SR SR AR R
KA B BEEE 5 2 % SR B B 2 AT e
ext, 25 BE BAEURE S, SCOEdR M B st
RS
1.3 BESBIRERERIEIT

PG B 2B A p At ] C+ 4 2 P AL Ik 5
AR 2R Cclass) SEIVEHR A AL, frad
XN OOP (object oriented programming) #% [ {ft
SystemVerilog i F - 12452050 F B 4% il BEER (1) 4\
SRR AR IR R, R 2B A
BAR RN BN — W R, AR5 RS
FAcE . B BRMERTCHEIENEEE S,
TORIRTCI AL PR IR o B 280K A2 B 1) — it L5 A 32
B G H RS B EE 1) (S B REE 4T
BNl & b, 7 ERIE AN AU BT AR s R 2
P REE A R 7 o5 A ], PRUED RS k. &
HRAEIE 2 B

g mEwE 3 frs. BEBIEE R C++
FEF P aE 4 1~25: ImgEngine. ImgGen.
BadPointGen. BPInsert. ImgGen FH T4 i 5 44 B ;
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BadPointGen H T4 A oI5 B, BE& TR A E .
WonEA, oohi B BPInsert A TSR JG )
N, EESREBIA CRHEE B, IR B e e
%% ImgEngine NTHZ &, SLpfh Fdkg,
SCHLAANR G HESEIR TGN LR Jor B [ 45

Mk

Generate one original image
& copy a new one

)

Randomly generate dead pixels

Next dead pixel

T
¥

Randomly generate dead pixel coordinates
according to the type of dead pixel location

At the edge of the image

N Copy adjacent rows or columns
in the original image according to
the coordinates, and select M*N
neighborhood pixels

Select M*N neighborhood pixels
in the original image according
to the coordinates

\ |
v

‘ One-dimensional and sort M*N pixel domain ‘

'

‘ Type of dead pixel value ‘

Greater than maximum Less than minimum

‘ Call UPgen function ‘ ‘ Call LOWgen function ‘

‘ Generate M*N pixel domain with injected dead pixels ‘

l

Inject the M*N pixel domain into
the new image

K2 EHGRAERZETEE
Fig.2 Logical block diagram of image generation
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class ImgEngine
{ class ImgGen
Generate a non-defective original image and | {
copy a new image (ImgFinal) o ‘Pixel value range of cach point ‘
Y
Generate different types and locations of dead le | - -
pixels according to the number of dead pixels —L class BadPointGen ‘Dead pixel location x.y ‘
{ ‘Dead pixel value type(UP,LOW) ‘
Cycle by the number of dead pixcls ) ‘Dead pixel location type(NORMAL,EDGE) ‘
Select the original image one by one to
generate dead pixels and inject them into -
the image ImgFinal L‘f]ass BPInsert() Dead pixel value
! ] ‘Dead pixel generation functionUpgen(), LOWgen() ‘
};‘ Output image ImgFinal 5 ‘Son function sort(max,med,min)
K3 BURE A AR 7 i 1A
Fig.3 Structure chart of image data generation program
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HT AP IIG 25 R 5 A0 A FE AR 3R i 1A ) 5 FE 22 4H
N VL — M| M 2 e 4
gl BFEAE R T VOE FIRTC A, A= 5 A R 2R

Select a new M*N image
area in the frame

’

Get the maximum, minimum,
and median values after
sorting

i

Compare current pixel value with extreme value

Less than other
minimum

Greater than
maximum

N

The difference is greater
than the threshold

Replace the current pixel with the
median value, record the position, and
add one to the repair counter

Complete one frame of
data processing

K4 ZHBRZEGER
Fig.4 Logic flow chart of reference model
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F 1 WA & PAT ISR
Table 1 Table of test case and execution

. . Function
No.| Case type Test case Desired result Execution result
coverage
The current pixel value is between the L .
. o . The current pixel is not replaced and no|Effectively executed
1 |Normal maximum and minimum values in the 3x3 L
. correction is made and passed
neighborhood
The current pixel value is greater than the
maximum value in the 3x3 neighborhood, o .
) ) The current pixel is not replaced and no|Effectively executed
2 |Boundary and the difference from the maximum L
] correction is made and passed
value is less than or equal to the set
threshold
The current pixel value is greater than the|The current pixel value is replaced by
3 IN I maximum value in the 3x3 neighborhood,| the median  value in the|Effectively executed
orma
and the difference from the maximum| neighborhood. The correction is| and passed
value is greater than the set threshold implemented.
The current pixel value is less than the
minimum value in the 3x3 neighborhood, o .
. o The current pixel is not replaced and no|Effectively executed
4 |Boundary and the difference from the minimum o
. correction is made and passed
value is less than or equal to the set
threshold
The current pixel value is less than the|The current pixel value is replaced by 100%
5 N I minimum value in the 3x3 neighborhood,| the median  value in the|Effectively executed
orma
and the difference from the minimum| neighborhood. The correction is| and passed
value is greater than the set threshold implemented.
Special The current pixel is not replaced and no|Effectively executed
6 . The bad elements are on the four edges o
location correction is made and passed
) There are more than three bad elements in ]
Special . . . Effectively executed
7 ) the image, and the positions of the bad|No correction
location . and passed
elements are continuous
The number of bad elements accounts for ]
. . Effectively executed
8 |Performance | 60% of an image, and the positions of bad|All bad elements are corrected d d
) and passe
elements are evenly dispersed
Input bad elements one by one, traverse the ) Effectively executed
9 |Normal . Every bad element is corrected
whole frame of image and passed
The bad element of the first frame of
10 |k First input an image with bad elements, and| image is corrected correctly, and the|Effectively executed
ecovery . . . . .
then input an image without bad elements | second frame of image is output| and passed
correctly without error correction
AO BO CO Amax Bmax Cmax MaXmax mEdmax mirlmax
Ay B Cy = | Amed Bimed Cmed |=> | MaXmed Medmed | MiNmeq
A2 C2 C2 Amin Bmin Cmin MaXmin m(':'dmin minmin

K5 s {EnEd
Fig.5 Median filtering
1196




FaA2E F12W Vol.42 No.12
2020412 H 205 5T SV-DPI FIEUEIR o & IE FPGA H S L IGAE Dec. 2020

*2 HBETFEREXLE
Table 2 Comparison of platform building time

Time consuming to
Types of platforms .
build a platform/d

Pure SystemVerilog verification platform 3
UVM verification platform 3.7
The automated verification platform

1.6
designed in this article
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