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Improved YOLOv4 model for people detection

Abstract

Computer vision technology is used for detect people, which is one
of the most important functions of self-driving vehicles, in order to detect
the movement of people within their designated paths, to prevent
accidents and avoid moving vehicles and obstacles. As well as in security
fields, where it is important to identify the offender and chase him within
a crowd of people quickly and efficiency, that suitable for mobile
applications in real time. convolutional neural network (CNN) is uesd to
perform this task with high accuracy. The You Only Look Once (YOLO)
family is considered one of the most important algorithms currently used
for detection tasks, which achieves good performance in terms of
accuracy, but high-accuracy models have a large number of floating-
point operations per second FLOPS and a relatively large size which not
suitable for mobile applications.

In this research, the basic YOLOv4 model was modified as it is a
model that works very efficiently, but it suffers from an increase in the
number of floating point operations. To solve this problem, the
Efficientnet-BO model was used to reduce the size of the model with
some modifications to it. The Cross Stage Partial (CSP) network was also
used after modified in order to increase accuracy.

In this research, the CspEffYolo algorithm was built to achieve the
desired goal. It was trained using the Google Images database and then
tested and obtained results. These results were compared with similar
results YOLOv4 Basic and Efficientnet-B0O. The model achieved a mean
average percision mAP=90.4%, compared with 88% and 85.9% for the
standard YOLOv4 and Efficientnet-BO models, respectively. In addition
it reduces the number of floating point operations as well as the size of
the model.

Keywords:
object detection, YOLO, Efficientnet-BO0, floating-point operations.
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Efficientnet -B0 dai 1 Jgaall
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1 Conv3x3 224 x 224 32 1
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5 MBConv6, k3x3 28 x 28 80 3
6 MBConv6, k5x5 14 x 14 112 3
7 MBConv6, k5x5 14 x 14 192 4
8 MBConv6, k3x3 TxT 320 1
9 Convlixl & Pooling & FC TxT7 1280 1

conv 1x1

N conv 1x1 conv 3x3’
a
Cc 4c
\ +
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i
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4
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L
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Algorithm | ""PUC | Recallon | mAP% | BFLOPS | Fps | VolUMe
size (MB)
Yolovd | 416x416 | 83.4 88 59563 | 26 | 2442
Eﬁ'C'Begmet' 416x416 |  84.1 857 | 27678 | 245 | 15238
CspEffYolo | 416x416 | 86 904 | 28733 | 244 | 1554

B Yolovd | Efficientnet-B0 CspEffyolo
250

200

150 ——

100 ——

Nl

Recall BFLOPS FF'S Volume (MB)

Efficientnet-B0 4Sudy ulull) Yolovd ga CspEffYolo 4ijlia 8 Jsil)
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Analytical Study of Technologies of Storing In—-Memory
Databases in Distributed Environments

Eng. Ayham Alhasan , Dr. Akram Al-Morei

Abstraction

In today’s world, organizations like Google, Yahoo, Amazon,
Facebook etc. are facing drastic increase in data. This leads to the
problem of capturing, storing, managing and analyzing terabytes or
petabytes of data, stored in multiple formats, from different internal
and external sources. Moreover, new applications scenarios like
weather forecasting, trading, artificial intelligence etc. need huge data
processing in real time.

These requirements exceed the processing capacity of traditional on
disk database management systems to manage this data and to give
speedy real time results. Therefore, data management needs new
solutions for coping with the challenges of data volumes and
processing data in real-time. An in-memory database system
(IMDS) is a latest breed of database management system which is
becoming answer to above challenges, IMDS is capable to process
massive data distinctly faster. This research aims to present a new
algorithm based on several modern algorithms released recently,
where its ideas were collected within a new algorithm that gives
better results than its predecessors. The efficiency of the algorithm
has been proven by conducting several experiments that showed an
improvement in performance and speed on the processes of

inserting, deleting, and searching for an element.

Keywords: in—-memory database — indexing — real time applications
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bl & Lasal o jels 3y pe Jla A bl aal & Al (p3a
e Aleall IS iy &5 ey clgie Yoy sasall dedl (piais Asle 335 sall dadl)

hi(z) = hash(z)
ha(z) = hy(z) @ hash(fingerprint(z))

J3Sa g e eyl &) e Guel ds Rl Acaal)

S ) allay) 38 pemie s Gl (1) Alsla

d-left Counting Bloom , bloom jli xs cuckoo jilél 45)laa dulyall Cuaje

dalad) 488 &m0 Quotient  filter 5 block  bloom filter s Filter

(1) Jsaadl LS e 8 S oy ey Linly s3n o i JS U8 (e 30550l

metrics CF BF blk-BF QF dI-CBF

# of items (million) 12718 123.89 123.89 120.80 103.82

bits per item 12.60 13.00 13.00 13.33 15.51

talse positive rate 0.19%  0.19% 0.43% 0.15% 0.76%

constr. speed (million keys/sec) 5.00 301 7.64 1.91 4.78
AL

Al D e Al CF  jalal oLl Ao juss dalusal) 485 (1) s
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Additive and Subtractive Cuckoo Filters 3-3

LAl aay [9] Adia) 484l s3a (e TONg Yang 5 Kun Huang (jlialdl aad
3¢ cpuatl cUCKOO yildl jglaa yili gag ¢ (3) JAIL Aaimge 4y « ASCF
c Sl 1 e Lalial) ae cadally Sally = ha¥) Glilee 285 Aoy g Aalisal)

¢ XOR Lle (5o Y23 ((ADD | SUB) £yhally aenll cililee ASCF aaaiiny
ALl 3L Lesiye Al am clslall eaY) saadl 558 of Ll b

) Ay ) ALYl J8 dalie 48l<5 ASCF iay «CF aay

ASCF
olr 1
ho(x) o 1| fu | fu | fu] £ | P00
Insert x --1- fo | J: --Ki
AR
hx)™ 4|f h."m::'k.f
50 f :

ASCF il 3 (3) Jsal

ASCF yilill o) Jaadls «(g5aY) il (e 43liilus ae 43)aally ASCF jalall (18
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) Jaxe JS1 A glhaall deadl aas 4al (e CF Cuckoo filter yilal ailia
Aaadl il aas kit il (aY) U ey clilia oSl s

False Positive Fingerprint Size in Bits
Rate dICBF RCBF CF COQF ASCF
T 12 7 1 7 1]
T 15 10 13 L 13
Lo 18 14 17 14 17
L 22 17 20 17 20
T 28 20 k) 20 23

SO e 46l e 3580l ASCF il (pana dalisall &S5 (3) Jsanll sy

Al e ey cpeat o Jend  lly Aadlly apaall llee (e Yy o5 dally

False Positive Bits Per Item
Rate BF CBF dlCBF RCEF CF COF ASCF
107 94 383 8.7 133 200 122 10.5
10 144 514 21 16.3 260 162 137
10 19.1 165 6.7 03 Mo 215 170
10 239 a3 320 213 400 255 211
1" 287 114.8 360 263 46.0 205 42

SN (e 48l e 25)ialls ASCF (paria dalisall 4S5 (3) Jsaa
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Cuckoo filter bloom filter (CFBF) 4-3
Jame Ld (0sS Cumn Lot 4plKaly adall Giliaad leaeny Cuckoo  yiMd
daly) st sy akae JAN) Adee () (o et gl (mitie phlA s

el Jlay) Ala  Lasiads luse 535254l jualial)

s Pedro Reviriego  ialdl Jd e dedsad) [10] 4dsyl) 4860 aca SO
Jee il CFBF  jldl -yl & Salvatore Pontarelli 5 Jorge Martinez
Gllee aa Jaladll Je a3y il cuckoo  jild ae bloom  jili zay e
e O¥) S Cuay Joaal) pea sl JS il ¢y Al b e JASY)
Hlls (4) ISl mage g oS la) gy Gleay )l Gdl WIS day)l
Sl g Al A e Ldall 3 JES O JBW) Sl cbal oS
O Ayl alill cuyell L Jlasy) cdy Jds Jaly, bloom sl e cuckoo
Lsie Q6 S e X10 dale I Jom a8 JAaY) cldee e ciliasanl

el pualiall ) ae pe o bl Jd¥) s 8 X10 e Sl gl
bf | cell-1 | cell-2 | cell-3 | cell-4

CFBF sl du, (4) J<al
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O @l casmse sy B 4l ) Aeseadl 8 Lld dsase e L buaie of

Jlial o gohi 8 dulasy) SUAiN) o) oo b el Gl cllaia)

raliall daay paal Adlide 4 st die 43 ) <yl Al aluhall e yoal)

e dma 2g3n Geua hlA ola) Jaee G380 o) Cang 43l AR

iy 2 BlAl lay) Joedl Bed i il 4 G dead) aaa daad e -
.0.002 o J8) < )

(AN Sy Jamall dad (b Wb 2 @ dead) aaa paat die W) -

aliall Glaay g @l 4 3oLy cuw 0.002 e Je) oS

duyall da 8al) U8Y dia) led -5
Jaall 23 Cua fldll A pabiall JAS) Ze e Gpeatl Cargd Aajisall daa) )ledl)
4w))lss xe Additive and subtractive cuckoo filter aw)lsa mar e

.cuckoo filter bloom filter

Gy e gsSa Jeaall dgale ddlia) Jaadl Cus - isall il Ay s (5) Jal

.Cuckoo jild Jiay Jsaall 48 Wl (Bloom ;i (Jiey dlls 1
oohlls aanl) clileny Loy Gipeall ciblee Jlainl o Jani ISV dga) 58l
7 e clee Ll Ayl Laiy JSS zalipdl e gy Jolis aslis (g g3y
JAaNY) Lle u Joadi Aall o8 T 4fic 3028 20 CUCKOO ik ae bloOm yils
de (Sly anb JSI4 cuckoo il e JASY) ke S5 Al 88 okl e
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Insert x

hix)

hO(x)

bf

0 F

e)
)
I

0 [Fh)

Block O

o WM = 0

ool il A (5) Jsal

Gpag oAl i) pa il 2-5

Pseudo Code of Algorithm

Input:

capacity : size of filter

bucket_size : nr. of entries a bucket can hold

max_kicks : nr. of times entries are kicked around

before deciding the filter is full

total_items : nr. Of items for insertion

fingerprint_size: size of the fingerprint in bytes

size : nr. Of inserted items

buckets[capacity] : array of the filter cuckoo
bf[capacity] : array of the bloom filter

Output:

Filter is full or the index where the item
has been inserted in

Insert an
element

1: Compute f , gO(x) , gi(f) //fingerprint and hashes
2: Compute hO , hl // compute indexes
3:Seti=1

4: Access buckets h0, hl

5: if Empty cells then

6: Select one empty cell randomly and insert f there
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7: return success

8:end if

9:if (i > t) and both bf bits of h0, hl are zero then
10: Set both bf bits to one

11: return success

12: end if

13: h =randomly select a bucket from hO and h1;
14: 2 = the fingerprint for h;

15: Remove f2 and place f on its place

16: if h >=m/2 then {

17: h2 = (h - H(f2)) mod m/2; }

18: else{

19: h2 = (h + H(f2)) mod m/2 + m/2; }

20: fori ¢ 2totdo

21: Access bucket h2

22: if Empty cell then

23: Insert f2 there

24: return success

25: end if

26: h = randomly select a bucket from h and h2;
27: f3 = the fingerprint for h;

28: Remove f3 and place f2 on its place
29: if h >=m/2 then {

30: h2 = (h - H(f3)) mod m/2; }

31: else {

32: h2 = (h + H(f3)) mod m/2 + m/2; }
33: end for

34: fori & t+ 1 to maxiter do
35: Access bucket h2
36: if Empty cell then

37: Insert f2 there

38: return success

39: end if

40: if both bf bits of h,h2 are zero then
41: Set both bf bits to one

42: return success
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43: end if
44. h = randomly select a bucket from h and h2;
45: f3 = the fingerprint for h;
46: Remove f3 and place f2 on its place
47: if h >=m/2 then {
48: h2 = (h - H(f3)) mod m/2; }
49: else {
50: h2 = (h + H(f3)) mod m/2 + m/2; }
51: end for

52: return fail

Lookup : Compute f , gO(x) , g1(f) // fingerprint and hashes

1

2: Compute hO , hl // compute indexes
3: Access buckets h0,h1
4: if f found then

5: return success
6: end if

7: if both bf bits of al,a2 are one then
8 return success

9:end if

10: return fail

Delete 1: Compute f , g0(x) , gi(f) // fingerprint and hashes
2: Compute hO , hl // compute indexes
3: Access buckets h0,h1

4. if f found then

5: Remove f

6 return success

7:end if

8: if both bf bits of al,a2 are one then

9 Set both bf bits to zero

10:  return success

11: end if

12: return fail

49



de jgall cilind) A B _SIAN Cpada il oy A0 cillil Addas A )

lgiddliag gilisll -6
A zisadl) L 1-6
S (e desane o alae¥ls Python ol dal aladiuly Gubil el &
learly duma
& ) Aygily dagyall Byidie Ll A3l Caillas (e degene a5 tMMD3 @
Sl e i) ol e 45)liall Austin Appleby Jd (e Lee)5al
8 eI Adle dakl ki mi mmh3 oli e Minhash 5 bloom
Agmdal) )l dallasy V) aleilly bl e i) Jie Ailise <Y s
4l o)) gl aadnd python il s Aiecas 43Sa 45 ¢ Random e
Ll Alsie ad delda o) ddlgde ol Aol AEKA o8 aadind Adlsde
Laay G3ad Galdall aal aaadl apaall il aca Lealasia A ddghias

da el dpaj,ledd) Guki 1-1-6
i) Jell Jalye audiig Light Ubuntu aUas e 3 jisell daa) ledd) udas

caall il laay BV e de seas L) e Aliadll jualiall il 5 (1
& 1,000,000 & 500,000 (e 223 dae¥lsda d2e pad Sy HlAS

.2,000,000

50



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes daayl) daala A

Cary 3

FErpsla Gualagd s 2024 als 6 221 46 )
(e Leipad Qe Al deadl aaal Glhe sy GSL aas las) (2

anal Culs 4 Gl V) Al sl I @l AL Sl e sl
0.002 G B8 hla ala Jue e Jseanll L Lead)
20 515 510 &5 el e apad IS Ll (T dgiell dag laa) (3

Al Bl el yaad
daj la) gl axli 2—-6

A s 561y Aoyl 3 il R prag da sl duaylsall o1l apiil
el ellgiual) a3l e Shate ayd Jaad Jllg Linux 23y (jeca snakeviz
cAdaa Ally JS i e ellgiuall el Zaleayl JSS

insertion time _aliall S ) 1-2-6
cuckoo Apulu) dua) lsall Cpu 2dEl e Gall lanias i) oISEN ol

da yiaal) dua) )salls filter

51



de jgall i) A3 81N Cpaa i) oy JAS Bl Ablas A

] out - Mozilla Firefox - +
™ out x | ™ out b3 ‘ —+
<) > C & @ 127.0.0.1:8080/snakeviz/%2Fhome%2Fubunt . psd In @ =
Search: [ ]
il Y e 356 (22.0) JBaY) o) (6) IS
. out - Mozilla Firefox - + X
™ out »x | I out x |+
<> ¢ ir ® 127.0.0.1:8080/snakeviz/%2Fhome%2Fubunt 44 I @ =

Style: Icicle J-=-.

Depth: 10 J

cutors: |1~ 1000 J

Search: [ ]

ol il e dg6 (21.3) JWaY) ¢ (7) JSa)

52



Aola slaall g Al <l 5 LlSal) Lpmasigh o glal) Al Cad) Arals Alaa
FErpsla Gualagd s 2024 s 6 22 46 alaal)
3.5,33} Cg\.i 4 w‘ e_;;} 1000000 _).aatud\ Qe ‘)\,335\ e La\

Ol (IS 0l 3asly Gl (6 5 dgal

B out - Mozilla Firefox - + x
P out X | M out x |+
- ¢ @ ® 127.0.0.1:8080/snakeviz/%2Fhome%2Fubun -9 o I o =

" cuckoofilter py:43(insert) III

cuckoofilter.py:69(contains)
19.2 175
Style: Icicle l : - ’ I
wor |10 ] N NH N | |
wres| 1 - 1000 J i B
will ) e 305 (41.6) JAN) ) (8) IS
2 out - Mozilla Firefox - + X
™ out X | ™ out x | +
- ¢ @ 127.0.0.1:8080/snakeviz/%2Fhome%2Fubun - 9 % In @ =
|
cuckoofilter.py:88(contains)
Style: Icicle J 1862 -.
Depth: 10 J ...II . I

1 - 1000 ]

ol il e 4 (40.8) JA) (e (9) Jsa

53



de jgall i) A3 81N Cpaa i) oy JAS Bl Ablas A

ol (A oyl Slly 3,

. out - Mozilla Firefox - + X
P out % | M out X ‘ +
- G @ ® 127.0.0.1:8080/snakeviz/%2Fhome%2Fubun - 9 I o =

Depth: 10 J
cutores | 1~ 1000 ]..

Search: |

madll gl e 4 (84.7) JWaY) e (10) Jeall

=) out - Mozilla Firefox - + X
™ out X | ™ out x | -+
- C @ 127.0.0.1:8080/snakeviz/%2Fhome%2Fubun - O W m o =

Call Stack

cuckoofilter.py :88(contains)
384s

Style: Icicle I -.
Depth: 10 J ...II .
1 - 1000 ]

Search: |

oAl Sl e 4t (82.7) JWaY) gey (1) Jsal

54



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes daayl) daala A

Cary 3

FErpsla Gualagd s 2024 als 6 221 46 )

Sl ealial) S () b L e Lo Rlaally A8L JISEY) G Lo

e purg oy el lal) (35

False positive probability ;Alill ) JLisY) 2-2-6
Bl ) Jlaa¥) gl eyl 4 G daadl aaa sl die e LS) LS
Gl 2 0 deadl aas sl 1Y Law 0.002 e JB) OsS O) en

0.002 0 el (sSm LlAY lay) Jlaay)

D SN ety e JBeS el Al e ) Japdl (ias coplaill el

4 oyte

ubuntufubuntu

ubuntufubuntu

f ubuntufubuntu

2 byte

Faadl aaal At o8 e LAY lasy) JlaaY) (12) Jsa

55




de jgall cilind) A B _SIAN Cpada il oy A0 cillil Addas A )

T dgal) da8 3-2-6
bloom ,ulé aladiul iy ladey Lad 36&I) (paia Joad Aady JA0 T Aiiall a8

Yslaall e dae amy pualall Jlaab lall Jid Jla A sl A Geaa el
5, adl A any 5 Aadl) alaanul <lil CFBF dialll 48 )l dgall Lebia Al
ey sl elal Juad) cpell 5 15,20 10,

s ¢led Aad Jadl apaail il il e Liadl Lgtiad duds caay Ul
aliall d2e apaat aay i) Sl e @llgiad) el (13) Sl g

20.65
20.6
20.55
205
"2 20.45
= 204
4 2035
203
20.25
20.2
20.15

o

Al

T=5 T=10 T=15 T=20
dall Adlisa o

Agall ddlide e vie Al 2w e (13) Jall

oLy oldie) oSay Jullys sl lill olof Juadl daed 5 3l 3 o)) Jaadls
Ly e

56



4 ila plaall g 4l g g ASailSaal) dpdigl) o gladl Alua Caagl) daala Adaa

Cr

FErpsla uallagd s 2024 als 6 2all 46 laall

i 45,80 3-6
O g Al Slailsa ae Leiilie LSt O Layylall ol e il
Cuckoo Jis ailibs aa siall lal) 45l (Say Ully clgaladinly lellas
.additive and subtractive Cuckoo filter (ASCF) , filter

sles e Culail olall 5 ey ASCF 4l daaj ol avapl) 350 LS, Lidd
el pldll ae Lgilia &5 a9 Cuckoo filter jlal)

b @l g Sl M sda G Alhe G ) syl YA (e (e
Lo JSI 345 ()

87.2
86.1
85.8

2000.000 entry

43.9
1000.000 entry 42.7
42.6
21.7
500.000 entry 21.4
21.1
4.31
100.000 entry 4.21
4.19
0 10 20 30 40 50 60 70 80 90 100

M cuckoo filter  ® cuckoo with additive & subtractive M cuckoo with additive & subtractive with CFBF

SN (e 4l el I G (e A lea (14) JSa

57



de jgall cilind) A B _SIAN Cpada il oy A0 cillil Addas A )

Sl pe iiliay gan e gl IS a0 ey Gilall (14) Sl sl mas
Lie) ellginy 75l il i 100.000 sl juabiall sae (65 Lanind 52N
1000.000 5 500.000 jualial) s3c vie G CLESY) psans ¢l (po J8

Lzl g lal jeday Leadl 438 2000.000

il gy cilalifiu )y Aalali-7

jre ) zling (Al Hlar Jadll gl b Glaslae ) asll GIGE) 2l
o Al adgn Bl iy J8 s s GeeYL ioa Lo s (V) Chaay L
i Al L) e gl JSE Gl e o L Aalall gl Al o6
ey o 50l 8 sagmsall bl a0 a3 5l s alle 4050 e (S
Aol ol Sy aly ol ddaaly 3 SIAN CulS cCuf iy g oSl el
o Gl I8 V) LA gaall 5SIAN (e 5y A pe 5o Sy Jalaill i gaaS
Jlec ¥l saxdiven lgalbing Al Llaiu¥ly Zepud) g sl bl 2o ldl (Ko
L Ly Al bl ge d hae 3<IAN bl 458 el callafi . a sl
seld delal 8 Al challl g Glogled) Gldleiu) a6 . S de

Lol bl

sle el Jhall Al e Gl sl pygie cadlud s Gaall 3 4
Buis Laa)lsd bl s2a i Cum (Sae Cifg guls haiuly Baaa ol
cadlil) Jib e Sl ) AlaYl Lhuedy cleglaal) Lis e cuels
il Ge paall el Dage ddllaal) bl e ellhy d8de Al

el cad) ) dlead

58



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes daayl) daala A

Cary 3

FErpsla Gualagd s 2024 als 6 221 46 )
tlpasil) (e 238 O (S Ll Jemsil 5 ) i) e oy

U e Sl SlLEY) e aell Gyl 0o R lall sl e
CB gl y5pm e lgalatind ) Aalall (e il g il

Sl il Ll Aoy Al mgpe sl LS5 LS pa) il iy @
leliaety Vol e i L 2lSa) il Loyt s depal) Aala
4S50 JS iy o

Ay saal) Cilisially IS AN Glly 2ol e da))leddl Guli

59



de jgall cilind) A B _SIAN Cpada il oy A0 cillil Addas A )

[E—

LAl

A Study of Index Structures for Main Memory Database
Management Systems. Michael J. Carey, Tobin J. Lehman.

January 1985.

. TicToc: Time Traveling Optimistic Concurrency Control.

Xiangyao Yu, Andrew Pavlo, Daniel Sanchez, Srinivas

Devadas. 26 June 2016

. Cicada: Dependably Fast Multi-Core In-Memory Transactions.

Hyeontaek Lim, Michael Kaminsky, David G. Andersen. (9
May 2017.

. Reasoning about Two-Phase Locking. David Harver Pollak.

June 19, 2017.

. Recovery In Main Memory Databases. Le Gruenwald, Margaret

H: Dunhamy, Jing Huang Jun-Lin Liny, Ashley Chan Peltiery.

. Space/time trade—offs in hash coding with allowable errors.

Communications of the ACM, 13(7):422-426, 1970.

. L. Fan, P. Cao, J. Almeida, and A. Z. Broder. Summary

cache: A scalable wide—area Web cache sharing protocol. In

Proc. ACM SIGCOMM, Vancouver, BC, Canada, Sept. 1998.

. Cuckoo Filter: Practically Better Than Bloom, Bin Fan, David

G. Andersen, Michael Kaminsky, Michael D. Mitzenmacher. (02

December 2014.

60



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes daayl) daala A

Cary 3

FErpsla Gualagd s 2024 als 6 221 46 )

9. Additive and Subtractive Cuckoo Filters , Kun Huang, Tong
Yang. 06 October 2020

10.CFBF: Reducing the Insertion Time of Cuckoo Filters with an
Integrated Bloom Filter. Pedro Reviriego, Jorge Mart'inez,
Salvatore Pontarelli. July 2019.

11.Kirsch, M. Mitzenmacher, and U. Wieder “More robust
hashing: cuckoohashing with a stash,” SIAM J. Comput.,
39:15431561, 2009.

12.R. Pagh and F. Rodler “Cuckoo hashing,” Journal of
Algorithms, pp. 122-144, 2004.

13.D. Breslow and N. S. Jayasena, “Morton filters: faster, space—
efficient cuckoo filters via biasing, compression, and decoupled
logical sparsity,” in Proc. VLDB 11, pp. 1041-1055, 2018.

14.J. Cui, J. Zhang, H. Zhong and Y. Xu, “SPACF: A secure
privacy—preserving authentication scheme for VANET with
cuckoo filter,” in IEEE Transactions on Vehicular Technology,
vol. 66, no. 11, pp. 10283-10295, Nov. 2017.

15.J. Grashofer, F. Jacob and H. Hartenstein, “Towards
application of cuckoo filters in network security monitoring,” in
Proc. 14th International Conference in Network and Service

Management (CNSM), pp. 373-377, 2018.

61



de jgall cilind) A B _SIAN Cpada il oy A0 cillil Addas A )

16.Broder and M. Mitzenmacher, “Network applications of Bloom
filters: a survey,” Internet Mathematics, vol. 1 no. 4, pp. 485-
509, 2004

17.H. Song, S. Dharmapurikar, J. Turner, and J. Lockwood. Fast
hash table lookup using extended bloom filter: an aid to
network processing. In ACM SIGCOMM, 2005.

18.Y. Qiao, T. Li, and S. Chen. One memory access bloom filters
and their generalization. In IEEE INFOCOM, 2011.

19.M. Bender, M. Farach-Colton, R. Johnson, R. Kraner, B.
Kuszmaul, D. Medjedovic, P. Montes, P. Shetty,
R.Spillane,and E. Zadok. Don’t thrash: how to cache your
hash on flash. In PVLDB, 2012.

20.N. Hua, H. Zhao, B. Lin, and J. Xu. Rank-indexed hashing: a
compact construction of bloom filters and variants. In IEEE

ICNP, 2008.

62



4 ia plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Aleabes daayl) daala A

Cary 3

BR s At S 2024 als 6 2l 46 Alaall

Carry Select gola djlsclal oaadtiy Julas
GDI iyids, Static CMOS dyids

A5 A s Mo ddigal) salas)
skl Anala YLty g cila slrall L ol 535 deutia 4418 _A3al,

uadle

Blel Greaadl o ang clianl) G sy Ludal) 3 €l kil s
Carry Select aslall f Luy .chlall o3 e lisan oSadll JUact)
el 81 ananad a3 Jliid aslsall ¢ 151 gl (e 22y (CSeA)Adder
1 ki Jhall daaluia (lbit CSeA) Ay <l Carry Select Adder
G S LAl Jae dxkalie (50 Aasaialls sl JUaeY) ZOla) asenal
Static or = igs :gfdhae oEds e alaeVl aelall 3y elal )
43l 4le .Gate Diffusion Input (GDI) 4u&i, Conventional CMOS
L sl i€l b 3o e alaie WL i lall Layout diljudl) dday Al sy ey Cuad
CMOS ¢« CMOS 0.45nm « CMOS 0.90nm : a5 dui5 SN cyjlall aias
JS! ASlgal) 48Uy 28650 dalue 45,lie cac .CMOS 0.22nm 5 0.32nm
G e plall 38las Jal e DSCH3.5 malin DA e ellyy ol
Ailyadl) Adapal) sSlaas awy Ja) oo MICROWIND 3.5 zalineg giuil Al
.Layout

z=bn « GDI 4@ (Static CMOS 4 « CSeA aala :daliba cilals
.MICROWIND 3.5 iy «DSCH3.5

63



(Bh9 daiaa daf g cul Jlal) maleiia Carry Select Adder gala 313 )i anli g Julas
.GDI 4y Static CMOS 4

Analysis and performance evaluation of
1-bit Carry Select Adder circuit based on
static-CMQOS and GDI technology.

Abstract

In the advanced microelectronics, designers had to take into
account possible errors within these circuits . And since the Carry
Select Adder (CSeA) is one of the fastest adder. This paper focuses
on the design 1BIT fault tolerant Carry select adder (CSeA). This
design can repair single and double faults without interrupting the
system's work. The Performance evaluation of 1-bit CSeA was
done using tow different topologies as Static Conventional CMOS
and Gate Diffusion Input (GDI). The comparison of these tow
topologies of 1-bit CSeA was done after drawing the the layout of
the tow different topologies using several technology models:
CMOS 0.90nm, CMOS 0.45nm, CMOS 0.32nm and CMOS
0.22nm. The power consumption and the area were compared with
the DSCH3.5 program for transistor level simulation and
MICROWIND 3.5 for drawing and simulation of the layout.

Keywords:

CSLA adder, Static CMOS Technology, GDI Technology,
DSCH3.5, MICROWIND 3.5.

64



4 ia plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Aleabes daayl) daala A

Cary 3

BR s At S 2024 als 6 2l 46 Alaall

dasia .|

(Very Large Scale Integration) fas sl 4yl 4aa¥) seds ae
48l e sl e s 5a€ dae) Alle B80S dayyy Sa ) 5 VLS
s Stuck at 1 gl (e (faults) dglyall JUaed) Cigan Jlaial i (5ysa
abie aal 5 plall & DL aal g L sl @y e zan Al ) Stuck at 0
osel olall el 8 duwe € 0S5 oan (Gnd  Vdd dgasal
oo b ) gom B laysy Al 5 2l el ey 3 (errors)Jldacy)
[1-2]. s

(Jhe agmy dla & s asilly ol o ol 58 s Jlall s ol
AN (gyspn Jhall pe maludll L laill malil) Jurdilly 48560 aseda 138 Jasiyg
o ant Al JUaeY) mma Llee aa3 Gl (e ol oLy Llee Jiniesd) (g0
lelee £ U8 e dpill ol Jas o cameal) (e Ally Aaal) cliglal) 5 Akl
ol 6T asenal die age 5 sl o3a

Glaall @hls 5 Gyl chlal) abies 3 lisSal sl e galad)l @bl 2
sl Glallee o Al @hlay) clalee b dada Glallead) Jie el
L3S0 ) Jgasl) angy cinad) cp3aill 3,803, dailall Alaldl sasgy e )
as Rl it ed 458 5al) Aallad) san 5 srenai die Dpaal SEY) 5510 a3 Ll
bl el clilee e gl a5 ALU hidly Glual) saay 3 Gulad!
[3-4]. deuilly capall;

65



(Bh9 daiaa daf g cul Jlal) maleiia Carry Select Adder gala 313 )i anli g Julas
.GDI 4y Static CMOS 4

el Y alad) oY) el Gy o Gapla dabide chlid aladiud oSa
Ll Sg Ly JEay) @by (ailad e Jebedll Ls)all ol e
[5-9].5))al) asarsiy 4laal

Slo fmd SV el zgie oIS Static CMOS Logic of e a2l e
Gaiail Jumdl g - 158Y Vlaal) (e el cldy a8 Apualad) DAY 3gaall la
LE a5 Jslall s e cJumdl ey il daliay dUall J8 eDigil
zenis Cua Gate  Diffusion Input- (GDI) 4y e 43Ul diaidic ppecss
Osiald) al A8 Aalies L) el dsUal oDl iy Al oda
Gl aladind e cpadies GDI D) A 38y JalIl aalall iy avenay
& Jeagl cluhall s3a caelaind Jy ¢ [10-12] MUX wali 3)a XNOR
oaddiall Bleiua¥ly Ghsiuylill Ge paddiall 2l Ga e dylladdl 4l
Giaidie pall dady A pal) dalidls 48Ul

5 Jhall dasluiiall (CSeA) palall chls (o aaall #1538 & celld e 2l

Aalusally yalilly 28Ul eDlginl Jie VLS| apenaill Lo pi el )

el Jhall 7eluig(CSEA) pula araail ladsai [13] 4 sialdl a2
e sl A Jaall alge aaat o pali jee 4l Lasd 305800 JUacY) CaiS
daall pe Jhald) L) A
Slo sl Jhall =alio(CSeA) pala sl ladsai [14] i osialll a2
zlay ail (e atl) o ¢ Jaih dyeall san gl Jlagid Wiay I Jlanll adse 2083
Sle 0l e L) xS Jif Gl A8S5 2 lay 5 Giladl apenail) e J8 daliss

Gagaial Qe Cais

66



4 ia plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Aleabes daayl) daala A

Cary 3

BR s At S 2024 als 6 2l 46 Alaall

Slo osiall) adie] Gua Laih JISI) aalal) 32 (e Lgadlaly JUaeY) Calis)
o el Ba s aeally deall o ISV JUaeSU il pmail) o seda
S JUaeY) Glas) e ol e Sy Aagaiall JlaeVl Glag) el

.J) c.al;l‘ 3aa g C)\; aasy

2584l aranaill s Losersi [16] M. Valinataj casld) 38 Liad 2021 Al 3,
S SERY P e S JLEAY) Lpals Gial e el 18 (K0 ([15]
MUX,XOR I Jay aSaty ol il V) JalSl aalall 524 &Ll AND,NOT s
e P8 e sy cdhall maaal e OSaR l AlXSy a8 Jhall ) el
Aol Sl 8 52l callaly ggd Gl AELaYl czsade Jhae Cigan yie Jaell Calis)
-l Al ase 5 daluall 8 500) uSay Lee

Gaand) caan

Slo 3l Jhall dasliia (CSEA) aula 3)la mreaiy Sl o A o8t

Static or Conventional u& : lLa (ailiae i e sldeYh ~SuaY)
A8l Aday Al awp aiin S .Gate Diffusion Input (GDI) 4.:6,CMOS
Ang S ablall st Lol alid sae e alaeYh n)lall Layout
CMOS  CMOS 0.32nm « CMOS 0.45nm « CMOS 0.90nm : .a;

i <) A gial) Gl 3860 Aalue &3)liay aghing 0.22nM

67



(Bh9 daiaa daf g cul Jlal) maleiia Carry Select Adder gala 313 )i anli g Julas
.GDI 4y Static CMOS 4

olsay Caal) 3k
:CSeA aalal datin i) 1-3

Initial Block (INL) 43¥) A<l Laa opfisnlad (45BS (0 CSEA aala ()5S
sasl anlly (1)JSAN & mumse 5o LS « Adder Block (ABL) salall kS
Slo Nadine CSeA sl axiidll wlul) fasd) ) 252y CSeA cliy (yalis

i e uab gilly 528 (RCA) Ripple carry adder gsls

goanall by (8 clgmnd dadio Ll (oS illy Lan) JY) i) 5 L,
e il 1) e Aadia Ly (psSin 350031 Cin U dacial) Gagll 3 susnal

1 gsls Agaa) S8V by

Ll (Cin=0 Lexie Lpeal J8Y) goanall @il algl INL - 305¥) ABS) aadis
Jl Alss padis s (ABL) aslad) A1 aladinly laad g 2t 480 g sanall by
J) s Wiy Cin=0 Loxie & sunall dald) Alall g ganall by Al 5l AND
@by dla kil PA e Cin=1 laie ggenall @il adgl aadis XOR
Sl e € 58] Gl Sl Al Sl Jealls g penal AR £ pendd
b Algall Cout I Ll el 3y N e i M 5 Cin J)dad ) i j ) as
(MOFC) sasll aladiuly sad s

68



4 ia plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Aleabes daayl) daala A

Cary 3

3R Al M e 2024 as 6 ) 46 Alaal)
CSeA Block bnim Cmnym * * Pmyi1myn by ap,
MOFC ABL ABL INL w
(_--[.1”_lI . - i) - ~ it ~ . (-‘Ji
2 [ SFA Jed « « {5 SFA |5 SFA
521+1 Sltl-ln

[ =

T |
1T Il
st skl | 5%

\ Mux fi— o o je—\ prux -\ mrox e—+Sny

Smi+m S S
[17] CSeA aalad duadiat) 441 :(1) Jsid)
:GDI 4485 2-3

&b S S Gat Diffusion Input— (GDI) 4 5,aY1 435¥) 3 <)
o3 ) Al chlall rearae aline (] i Ayl il s 5K s Hlle
e Al Cun Adlall @Dlgia) e aall e Loy Lkl ellhy aual)
Al 3)lall el AU ) a3l

NMOS &5 crysiiili (o 43580 Aapn 412 aladind e GDI 4665 adiad
NMOS <y sius il ill 48 judiall &ulsad) Jade G :oa lles au)l oo PMOS
NMOS suylill Jise N ((PMOS) sl Jaxe P (PMOS;
Ll Al e (2) JSA L oysiedilall dlise £ A a5 OUTPUT
.GDI 4al

69



(Bh9 daiaa daf g cul Jlal) maleiia Carry Select Adder gala 313 )i anli g Julas
.GDI 4y Static CMOS 4

| |.||' T LT PUT

(18] GDI 4a1 Loy L) : (2) Jea
¢ eubill CMOS (sSlal Zpuli) 4lal) ae Al Cum (0 GDI Agla aulim
aial oL GDI Aa et Cum dagally dpnathyl) ClDERY) mny dlia (S
(S) paiall i<y VDD sl sy Jusiia e 3 PMOS jsisyilsll (S)
. GND il (abidy Juaiie ye NMOS iyl sl
Jsaall G o GPIN) MLl ahy oSaill DA (e 08l 038 Jory oSaill
LJalad) o et A e GDI I 4a Jany oSl (S oS (1)

.[18] GDI 444t ddhaial) Caillagl) :(1)J gaad)

N P G ouT Function
0 B A A'B F1
B 1 A A'+B F2
1 B A A+B OR
B 0 A AB AND
C B A A'B+AC MUX
0 1 A A' NOT

70



4 ia plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Aleabes daayl) daala A

Cacy -

BR s At S 2024 als 6 2l 46 Alaall

Qe ChiS o 43,08y ¢ iall g igall) .3-3
sasg Lidl a8 Gum CSeA Ul awlal bia 5Lialy [14] b opgial ) oL
i oJaid 535800 JUae ) LISl ayenall) 138 a5y caid (FA) JulS)) aalall
o el Jaas Cout s Sum I e JS e g Jhae Sigas Jla
Uil Jdns FA Ul sasg z)la Jlae Gugaa Jla 8 @liS, L Jlaall Gl
Z s apanay Lidd [14] 8 odialdl) cugaly () JSUSRN galily bl il
Chiaa Lay) dagajally 53yaa) JUaed) Giliss) e joli CSeA  aalal

) aseail) Ay (3) JSA mia sy CSEA saa aa

K
[t

E

[Fu_1 > >

e 3

®1 ol L
N}

- dagyally sadall JUaeY) ik CSLA galal 7 jikall g dgaill 3(3) JSi

XNOR t_i\_\\j.l U.M_AAJ (FU) :\_\S.\Jaj B.AAJ ‘Hx: ﬁa_.aﬁ\ (Y Lﬁ La_aie
el L) sy (G1,G2,G3,G4,G5)

G4

? IIA - = IIE:Ir‘J x@“"—"'— @
Fc

hi-3

71



(Bh9 daiaa daf g cul Jlal) maleiia Carry Select Adder gala 313 )i anli g Julas
.GDI 4y Static CMOS 4

slo Mixin (SUM) paall dad b e adsan Saall Jlanll GLESY Cun

A gslasss (SUM) & sanall ()l dy5lucia (A,B) Jaal) ad cuilS Jla 6 43! fase
A adie G5S(SUM) g sanall ()3 lgazanad dadia Jaall a8 (4585 Laxie Wiy <Cin
G2 iy Wl ¢ (G2,G3,G4) XNOR  cililsy &l ey (3éail axiisinn «Cin

b (Cind) Sum 1) 3)ad padieins G3 Law «(AB)Jadl af 43l pistin
g Jhe Sigaa vie Ll Jilaie oiilsdl A 0w Jlae 35a p2e Jla
Ll oa Alaa a8 G4 Al aadtiin Gl am) Legian (pradia Gua i)
sl Gde G3¢ G2 Ll mhd e il 5, B3 Al 258 10 G2

A B Ll (e sl L1eX2,X3,Fs

X2=(A®B) (1)
X3=(suméCin) (2)
Fs=(X20X3) (3)

By pe e ey Fs =1 080 pimllaie X3 ae X2 4ad culS 1))
el dad ol Jhae dsag g0 et Fs = 0 clS 13 GuSally o Jlac

sl adizin (Cout) Juall dad mib e aisoa Saall Jlanll L€l Jal e
oillall lacke eV S 8 Cout Jdad  gobus Cin Jlded of 4
ol

Cn=0B=1A4A=1 5 Cin=1B=04=0

saaslle (G1,G5) XNOR  (yiilsas (FU) diadag samy Gl (3t aniiasingg
Sl A=B #Cin Lac 1 an o Jas Cuny learasd S dadagl)
s oindll) cpatlal)

72



4 ia plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Aleabes daayl) daala A

Cacy -

BR s At S 2024 als 6 2l 46 Alaall

Cm=0B=1A4=1 5 Cin=1B=0A4=0
G5 is Wi 5 Cout J dad pe Cin JI daf 45)laad G dylyy podid Cua
oA oo onadll di (FU) Zagdagl saasll moa e Gl &l z A& 4)led] padins
ey Al Je XLFLFC 550l G5 4lpy dadasll sassll 5 Gl 4l
s Al Al Lol
X1=(Cout®Cin) (4)
F1=( A'B'C + ABC') (5)
Fe=(X1@F1) (6)
sdbel a5 are oo eis Fe=1 (5S oillaie F1 e X1 dagd cailS 13
Jsa gy cJeall dad 3 Jhae 3gag e et Fo= 0 <l 1y LusSally
B & JlaeY) (ai€ diyyk (2) dagall

gl apanaill Ad8a) Jgaa 1(2) Jgi>

A B Cin Sum Cout X2 X3 Fs X1 Fl Fc
0 0 0 0 0 1 1 1 1 1 1
0 0 1 1 0 1 1 1 0 0 1
0 1 0 1 0 0 0 1 1 1 1
0 1 1 0 1 0 0 1 1 1 1
1 0 0 1 0 0 0 1 1 1 1
1 0 1 0 1 0 0 1 1 1 1
1 1 0 0 1 1 1 1 0 0 1
1 1 1 1 1 1 1 1 1 1 1

73




3By dxiuan 2a) g @l Jlanl) paledia Carry Select Adder gaka 812 ¢hal iy Julas
.GDI 4:i&% Static CMOS 4

: Juacty) gl Ao 44y gz i8all zigadl) .3-3

Yy Jlaall oo Cangs [14] b dsgiall il ysliss [15] 8 opiall L6

i JalS gals Il Cume Jhaall L a3 FA Ul sas5 Jlaiiad (e
AN el ap Bf Wadll 580 e lalaiels anlu) JalS)) aalall daLayly

(¥ paladl sl

zoie Jhe Gigaa vie Jaall aling) 3 Jldis aeail) 168 il L)SY LS (Al

zagadll 128 aat o3 Gl ¢ anpaaan 8 Jddn JGlb @8l Jasll e IS e
(4) Jsall 8 LS mual

Py

l,.

~ -
", A
v

in iT.m}

1
[ﬁlnilt 1

|
o

A T

|' _ll::ns!:“hl

21

L1

Jeout

(201

1 L

ok 1 Jsum

.CMOS A&y Ay gajally saiall JUaeY) mauay CSeA aalal 7 hall zigalll :(4) JSi

74



4 ia plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Aleabes daayl) daala A

Cary 3

BR s At S 2024 als 6 2l 46 Alaall

O Lle Jgaanll 8y Al FsFe aSanll aylal e #3584l apenaill daiey
e lalaiel 1 510 L) sSi Jaally gsenall il of o adi &ua
Sl gsenall iy 8 Jlae dga ) jpin Fs )Ll cusls )y =
Fs  aSanll 3)Lal aulg 4y oSl
deag i Feog)ldl ol ) Jaall colad 4y il i < o m
Ll A uSlaal) Aaal) sl ai Al Jaal) bty 8 Jdae
Fe a8l 35La) danley 40 oSaill 2y dls PA e Jaal)
P WS aalall Al Bl

Ol wg Jlaed) e Jls aelall 13 Fs=18Fc=1 L »
calil) Aaud g 5yl aaladl (e Jaally il il 2 Al
Gl Ll gyl il GuSe gl coalll gt Jlaall 13a

aeladl e bl JSG l)lis) S Jasl)

s FAaY Jeall @by 8 Jdae aag 13 Fs=1&Fc=0 Lae >
g saaall il Lal Jaall by guSe 5l (o alil agiy s Jlaall

aelall e bl S5 Waylis) S

75



(Bh9 daiaa daf g cul Jlal) maleiia Carry Select Adder gala 313 )i anli g Julas
.GDI 4y Static CMOS 4

go—anally Jaall lsy 8 Jdae 3 a1 Fs=0&Fc=0 Lase >
Jeall bty oo jlaal o alll oy Jdaall 1aa #3232y
- gsaaalls

%100 Lty ailally L85l JldacY) apen Zal & i) £ 35wl iy
e il J dale ellg @l S5 (JllaeYl g s aalall Jeayg
[15] b i) apensill

:GDI 4, A zagaill 4-3

3oLy Sl (53l i) apensil Anlind (3 il e Sl aaall Tk

Hanll ealuiall apanaill i sale) o 28 ASlgianal) 48Ually 4360 dals b

CSeA palal zyiall zisaill (5) Sl gy s .GDI ) A e Talie)
.GDI gy dasa3alls 53yl JUacl) manay

76



4 ia plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Aleabes daayl) daala A

Cary 3

BR s At S 2024 als 6 2l 46 Alaall

B

SLMO

.GDI 485 Aa535ally 538l JUaeY) auay CSeA aalal 7 yball zigalll :(5) Joill
lSlaally mililll 4
t agacalll JLdlg BlSlas A je. 1-4
Oril e alaeVh Jhell maliia CSEA pala byla Ay Ly (f g
Gate Diffusion 4.1y Static or Conventional CMOS dusi Laa (jialida

IS0 el iy ASlgioal) A3Ualls 4818 ) dalis 45)lie Jaf (e .Input (GDI)

7



(Bh9 daiaa daf g cul Jlal) maleiia Carry Select Adder gala 313 )i anli g Julas
.GDI 4y Static CMOS 4

Acgena pda 255 3lSlaall Adee Jal 5 DSCH3.5 zaliy Lo alae¥) 5

axiall g dasaial 5 3a5adl JacY) e

3:\.\5.1 é&j dl.-ud\ Cuol.».nlo CSeA bnl; B‘)‘ﬂ C).ts.a]\ CJ}A—\!\ (6) ds.w]\ O
topllhe s aCMOS

el sum paall mibis)la) Je F1 Jhaall -

=l Cout Jaall3)ls) Je F2 Jhall -

= T i
5

F1

gaally Jaal) @il e culle jdia 1(6) JS

78



4 ia plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Aleabes daayl) daala A

Cary 3

BR s At S 2024 als 6 2l 46 Alaall

A6 Gy Jlall aliie CSEA mala 53zl z3gall (7) JSE cn s

l 5=
i
——
F2
B =

% T

gaally Jaal) @il e culle jdia 1(7) JS

Jhall s & (8) Sl Aine 3)lall 038 e Aaia (e ST 58I il
5 deall @l e i) Jhall Ala & (9) JSall 5 gsaad) iy Lo ajdal
zsall dlaall Alla 8 (10) Jsaly

79



cout

Comect SUM

sum

SUM

Comect cout

(g Aniuas 2a) gl Jlal) gabudia Carry Select Adder el 5,08 shaf anllly Julas
.GDI 4y Static CMOS 4

.........................................................................................................

..........................................................................................................

---------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------

i e e S i F e e S By S S e S e S ey S

——————————————————————————————————————————————————————————————————————————————

F o e mm s mmdm == e e mim = e == mim == == mm = = m == = = m == e m e e m Mmoo g m e Mmoo e p o m oo - p -

__________________________________________________________________________________

P e N NN N SN iy =y W=y SR U S U g U U S P

Eoa b iy SlSlaal) it :(10) Js

80



4 ia plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Aleabes daayl) daala A

Cacy -

BR s At S 2024 als 6 2l 46 Alaall

3 5iall apaaill (8 zodiall Jlaad) 5 3iall Jlaadl gay (ge ailly 43 Laadls

AS & Correct Cout 5 correct Sum (uajdall e damia =1 el
sl 5 Jhael) i€ g Uil il (g cllal

Al o) Caagll Cale adgy i coilull opylall sSaall il e ST aay

Layout dgl3all dayal) any dlee Jal e (5ylall DI Verilog

malyy e aleie¥) &5 Layout gl dbpall sSlaey avy Ja) e

- AL 38l (e Verilog daly el Cacasll cala ey MICROWIND 3.1

48 aaly ) CSeA aala 5yl 'layout’ gl sl dayall Gay (11) <

CSeA ala syl "layout" dsljall dayall cpw (12) JL&) 4 Static CMOS
.GDI dusy aaly el

HH

e H I

Static CMOS 4y aalg el CSeA aals 8513 dldll Aoy al) : (11) Jsid)

81



(39 daiaa 23l g @l Jhall galuia Carry Select Adder gl 313 g1l aulliy Jalas
.GDI 4:&iy Static CMOS 4

T AL TR R T
B o Al

HOE L

e

GDI gty aaly il CSeA mala 50 Auilyjudl) Ay A ¢ (12) Je

: AdBlially guililll -5
psiin Aasadalls 5jaal) JlaeY) 3l o 45)08 5 5l apanaill 36 lS (o ST 2ay
e [16] 8 i) apenail) 5y08 Gf Ladli ¢ [16] 8 )l apenail) ae A3l

52 (b gl s 8 allae Sipan Jla 3 Wl ¢ 100% ¢S 3yie Jae s

G @lliy (13) JSi 8 jelay Le$85.82% ) pmidiin Jhall maal Lo arenaill
Lol ccadgll adn 3 haa 13 zoajall Jasll ~Sialy GLES) o apensill 5508 a2e
b aad ) s gadally sajal) JlaeY1 ~Slals Sl Ja (e S5 288 il Liaparas
dhe Eigaa xie 100% ¢sSi Uadl) s o apanail) 138 508 s Jllys gl s

Zse 5l Dia

82



4 ia plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Aleabes daayl) daala A

Cacy -

BR s At S 2024 als 6 2l 46 Alaall
105% -
100% 100%
100% - l\ 1
N\
\\
95% - o
\\
90% - \\\ == V1] B il areaill
Y
\\‘ - CJM‘ 4\ " "

85% -

80% -

75% T ]

AJLJL\:@&A}’A_AQEJAH\ G}J}LL\';@&AL_A;BJM\

alad lalus 7 i8a avaal g 43518410 9930 Lia Jhe maual o 3,480 :(13)Jsil

CSeA
ddc g ASlghual) Adlally 480 ))) dalie Eis (ya AN 0Hlas alidae LL,J e

Alaie Y s i ylall Layout 4ilidl ddayall auy ld iyl ST & gyl il
« CMOS 0.90nm = a5 3, SN cblall aiial Liagl i€l il 32 e
omn (14) J&& .CMOS (0.22nm 3 CMOS 0.32nm «CMOS (0.45nm

Static 46 aaly cul CSeA aala 3ylal "layout’ 2kl dday Al lSlaa il

et cli@ e slaeYy CMOS

83



(g Aniuas 2a) gl Jlal) gabudia Carry Select Adder el 5,08 shaf anllly Julas
.GDI 4y Static CMOS 4

Diaplay

!

J

TN E

T Frequency
|
T, Fer

’ I Mevwase

0.0 Time Scale

\
/
|

|| |

o]
gl

— g o

\ R

El

UL

50 0.0 50 0.0 5.0 Timeins)

(a): CMOS 0.90nm

[RERRiRERIRE~

’ r Mwmw\r'

00

L L L

0.0 50 0.0 50 Tima(ns)

— =
j || I__;;

(b): CMOS 0.45nm



4 ia plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Aleabes daayl) daala A

Cacy -

BR s At S 2024 als 6 2l 46 Alaall

ARNNANRIANAN) AR~

[Disnlay——
I~ Delay

I Busvale
betwean..

and..

pmos_21_ ~|

0.00|

T, FFT
0,00 Time Scale
EQ

3]

=
FULIT UL L

oo 50 oo i

0.0 00 50 Timeinz}

(c): CMOS 0.32nm

U UUU U TUUTTE

T, FFT
a.w'ﬁ
] ]

=

[ Resat

H H H H r IIMmtihrl
i i i i I Frequancy
B : : : [pmos21.<]

SRR

H 000
00 L 0o 50 Timeins)

0.0

(d): CMOS 0.22nm
Static Al aaly cul CSeA aala §)al Aulisdl) Aoy Al) 5lSlae @ilis :(14) Jsil)
Aariiual) clgl) e alieYl CMOS
Cre AL byl e A (S AS0g0al) 28Ul 2818 ) dalis (3) Jsaad) cpm
. Static CMOS 4 aals cud CSeA sl ks Jal

85



(Bh9 daiaa daf g cul Jlal) maleiia Carry Select Adder gala 313 )i anli g Julas
.GDI 4y Static CMOS 4

Aigricnal) 48Uy A8 Aalesa 1(3)J g2

dardiiuall 438 0.90 0.45 0.32 0.22
(nm)
(Mm?) 486, dalua 657.4 2415 113.8 98.4
(uw) B 12.186 2.745 2.043 2.968
Aslginual)
Gl gl All dae 390
A

JEY) sie %52 jlaie; Cumidil 38 48l dalie of Giladl Jpaal) (e Jaadl
JUEY) aie %59 jlaiey s CMOS0.32% 4 A CMOS 0.45nm 4 (e
. CMOS 0.22nm dga )

ety cucasds) A<l wall AUl o da A ASTen wall A8 aay Lag
L CMOS0.32% s 1 CMOS  (0.45nm a8 o JEy) vie %25.5
CMOS  du I Jasy) aie %7.5 j)aies ddall eDlgind salyy
CMOS  Zduall & axdiiall 4550l aga 83y Al 32051 038 s 252240.22nM
.VDD=0.4[V] gt CMOS 0.45nm iss 4 Liw VDD=1[V] &ua 0.22nm

il JelS gala 3lal "layout’ Al dapall slSlae mili G (15) J<al
CMOS «CMOS 0.90nm ) el e slaieYl GDI - iy aal
.(CMOS 0.22nm 5 CMOS 0.32nm <0.45nm

86



Aila glrall g dxily 44l 9 ASilSaal) dpntigl) o glal) Aluades
A5 Al s Mo

Gaayl) daala A
2024 ale 6 232l 46 sl

i

T A

0.40

nmos_;6_camy

pmos 3_sum

@ fwvalog simulation of D\ Microwind 3.1 Fullirulestadder3 MSK

040

0.0

5.0

otage vs. lime 4 Voltages and currents Voltage vs. voltage {Frequency vs ime

200

S0 LTI (=
L

250 0.0 150 40.0 50 Time(ns)

(a): CMOS 0.90nm

i

|

00

040

0.00
1 : 3 ] : | $ i ] 000
00 50 100 150 250 300 350 400 450 Time(ns)

Rlvortze vs. tme [Voltzoes and cuents Ivotage vs. voRage JFrequency vs Iime JEve daoram

(b): CMOS 0.45nm

87



(g Aniuas 2a) gl Jlal) gabudia Carry Select Adder el 5,08 shaf anllly Julas
.GDI 4y Static CMOS 4

o } H i H : Display——

i ; | I” Delay

i : i I Busvalue

H : H Dbetween...
. | | -

i i i and.

inn. 1 ]
H i H H Time.
o i i : : ]

- U LU E

00 50 100 150 200 250 00 50 400 450 Time(ns)
v ime [Voliages and currenis [Voltage vs. voltage [Frequency vs.ime [Eve diagram

mmsia_;um

(c): CMOS 0.32nm

JUUUIrmyT

c
20
100
nmos |6_cary L;F_/ ﬂ\r/
100 : : H
014
00 50 io.ll 5.0 20.0 25.0 30.0 35.0 400 45|l Time(ns)

(d): CMOS 0.22nm
GDI Ay aaly cul CSeA aala 5510 Ayl Ay A 3lSlaa gilis :(15) Jea

Aasdioa) clal) Jo slaeyly

88



4 ia plaall g 4l gl 9 ASailSaal) dpaigl) o plad) Aleabes daayl) daala A

Cacy -

BR s At S 2024 als 6 2l 46 Alaall
CSeA sla bylal slSlaall il aa (15) Sl daal) sLSkaall il 45 )laay

b Al of Jaadls (14) JSally dual Static CMOS dpiy aaly el
A iie 5< Jahid) jiaall 5 dhid) aalll Cout Juall 3 SUM geal
& PMOS 5NMOS (psiwsilill 3sas o (N asas candly gLl (any
¢ poaly IS8y Akl "1 550 PMOS il il kit Cua zal) dla g
sl adeig Al dga G Ll Al 0" e o oS Y 08Uy
T e o 0S¥ S ¢ maly J dlid) 0" ) 0 NMOS
Ml il

e dall s (Sly (zyie IS e uSle Alialy Lidd aalall 1aa o)l (il
el ylal Bl 3l Gy (16) S 4B gy 286)) dalie 50l )
Cout s SUM (pajadl e Sle dalea) aay GDI 4y aals cul CSeA

T

1040

£ LTI LTI LS
H (DI T

0.0 1

0.0 50 50 50 Time(ns)

(a): CMOS 0.90nm

89



(g Aniuas 2a) gl Jlal) gabudia Carry Select Adder el 5,08 shaf anllly Julas
.GDI 4y Static CMOS 4

Display-

I~ Detay
™ Bus valug
DEWEEN...
[ j‘
and..

[ m [omos21. ]

r MIMMN*I
T Frequency
[pemes 21, -]
[, P
T Scale
e ]
b

W || |
1R

q 50 0.0 150 0.0 50 00 50 0.0 50 Tima(ns)

SRR

(b): CMOS 0.45nm

T

’ .=

i

(c): CMOS 0.32nm

x
/ m
NINIEEIINNY
0L

0
0.0 50 Timains)

90



Aiila slrall g Al gl g AR dpatigh) o glal) Aluadus Gal) daala Alaa
BR s At S 2024 als 6 2l 46 Alaall

THsnlay-

IO E

I™ Frequency
pmas_21, vI
L

| Resst

-

& Frnt
P | %p:aosm
ML

00 50 L1 50 Time(ns)

’F B

TN S
0.40. H
040
]
L8 .
0

armos 21_sum

L1 50 0o 1

(d): CMOS 0.22nm
gl CSeA gals 51 "layout™ Ay jull Aay A1) Slslae guilii 1(16)Jsall
uSlal) AéLa) sy GDI Ay
i) oy A JSI Al waal) 48Ul A8 Aalse (4) Jsaad) cy
GDI 4y aals <l CSA aula byla Jal (e 4Ll

ASlgionall Lollally 486 ,0) Aalesa :(4)J 320

(NM) Aasiieal) 45831 0.90 0.45 0.32 0.22
(nm?) A8 ) Aala 235 74 46.8 20.6
(HW) ASlgionall AoUY) 3.071 1.419 1.043 1.092
(Mw) Aslgunal) 281 26.42 1.742 1.216 2.096

oaSlad) A8La) aay
&) g 33 das 322

91



(g Aniuas 2a) gl Jlal) gabudia Carry Select Adder el 5,08 shaf anllly Julas
.GDI 4y Static CMOS 4

JSEN 5 28650 Aalus Cun e Glal) G 0l il oy (17) JSA
JSE L Aol 8L Cum (e bl () oy i) il (s (18)

chsas il ae Cua e bl ) G Al S o (19)

700

600

500

400

B GDI g=la
300

B CMOS gels

200 -

100 -

0.90nm 0.45nm 032nm 0.22nm

28, Zalua Cua (s GDI g Static CMOS  galal) i) oo Al 1(17) Joi

92



Aila glaall g Al ¢Sl 9 A SailSial) Apudigl) o plal) Aluds Caal) daaly dla
Boh g Al e S 2024 als 6 2l 46 laall

14

12

10

®GDI sl

m CMOS pals

0.90nm 0.45nm 0.32nm 022nm

Aslginal) 48l & e GDI g Static CMOS  galadl (5,03 ¢ 4 Eal) 1(18) Jel

450
400
350
300
250
200
150
100

50

WO st )l aae

GDI &<l» CMOS gela

gl 3 Eua e GDI g Static CMOS  walall 3l ¢y A4l :(19) Jsil)

93



(Bh9 daiaa daf g cul Jlal) maleiia Carry Select Adder gala 313 )i anli g Julas
.GDI 4y Static CMOS 4

Junil GDI dgiiy aaly <l CSA pala Bylo (8 Ajliall il (he iy s LS

ColS Lege iyl saey ASIghaall QY 5 A8 e dalad) G (s
IO R DRECOA [

Sluagilly claliiiy) .6

Slo 5uliy Jhaall dssluic (CSEA) ala By araai & Candl 13 b

Static or Conventional = Zu& :aaide s aladiuly S ~SuaY)

JUacY) (e desane cis &35 .Gate Diffusion Input (GDI) 4us, CMOS

any 2y Aladl) Alee aa S, .SAQ 5 SAT gl (g dasadall 5 52l

i Lagl i€l i sae e alaeYl oiylall Layout 4kl dday Al

g SV clylall

GDI 4y aals cul (CSeA) aala 3l ¢ Laadls slSlaal) il 43)liags —1
ilS Lega A0l AUl Cun e 4851 e dalidd) Cua e Jaidl
el 138 o) Baad oAl Aal g 5 il 8 deadidl Al
100% adisisr gl Gy dagaiadl 5 Ayl JUacl) aiS e ol

gy 53 GDI 4y aaly cul (CSEA) pals 8)lal aavadl) zisalll iy =2
Aalally Aol Aadaly Aed) slaY) clallee 4 adasily dlle
el 02gS Akl 3 Jlael (gsan Vs Aidy &l e Jseanlld (dglad
cealgdl A ek daiedd) clalled)l dal e 4l ) ALYL cage
aaa e Qg dagpll) delaiul (e mddy Lee Gyl Al dae aladsy
cJhad) daaeliciall day )

94



daayl) daala A
2024 ale 6 2al) 46 Alaal)

U

ALtastaall g il 15 A lSial Apuarigh) sl Al

[1] Essa,S.(2019). The power consumed and the number of
transistors required for the proposed design, Tartous University
Journal of Research and Learning Studies, Engineering
Science Series , Vol 3 (4).

[2] ] Essa,S.(2020). Diagnosis of faults in digital circuits
based on artificial immune systems, Tartous University Journal
of Research and Learning Studies, Engineering Science Series
, Vol 4 (9).

[3] Saleh,S.(2019). Analysis and performance evaluation of
1-bit Full Adder circuit based on static—-CMOS and GDI/
technology, and the impact of the technology used in
manufacturing on the performance, Tartous University Journal
of Research and Learning Studies, Engineering Science Series
, Vol 3 (4).

[4] Saleh,S.(2020). Design and performance evaluation of
fault tolerant full Adder circuit based on CMOS and GDI
technology , Tartous University Journal of Research and
Learning Studies, Engineering Science Series ,Vol 4 (4).

[5] Akabati ,R .(2020). Splitting data between SPM memory

and main memory in an embedded system , Tartous University

95



(Bh9 daiaa daf g cul Jlal) maleiia Carry Select Adder gala 313 )i anli g Julas
.GDI 4y Static CMOS 4

Journal of Research and Learning Studies, Engineering
Science Series , Vol 4 (6).

[6] Junming, L., Yan, S., Zhenghui, L., & Ling, W. (2001,
October). A novel [(0-transistor low-power high—speed full
adder cell. \n 2001 6th International Conference on Solid-
State and Integrated Circuit Technology. Proceedings (Cat.
No. 01EX443) (Vol. 2, pp. 1155-1158). IEEE.

[7]1 Jiang, Y., Al-Sheraidah, A., Wang, Y., Sha, E., &
Chung, J. G. (2004). A novel multiplexer-based low-power full
adder. IEEE Transactions on Circuits and Systems /I: Express
Briefs, 51(7), 345-348.

[8] Chang, C. H., Zhang, M., & Gu, J. (2003, September).
A novel low power low voltage full adder cell. In 3rd
International Symposium on Image and Signal Processing and
Analysis, 2003. ISPA 2003. Proceedings of the (Vol. 1, pp.
454-458). |EEE.

[O] Weste, N. H., & Harris, D. (2015). CMOS VLS/ design:
a circuits and systems perspective. Pearson Education India.

[10] Lakshmaiah, Dayadi, M. V. Subramanyam, and K.
Sathya Prasad. '"A Novel Design of Low-Power 1-Bit CMOS
Full-Adder Cell Using XNOR and MUX." /INTERNATIONAL

96



Al glaall g Al gl g ASilSaal) Apaigh) o glal) Aleids Gal) daala Alaa
BR s At S 2024 als 6 2l 46 Alaall

JOURNAL OF  MANAGEMENT &  INFORMATION
TECHNOLOGY 7, no. 3 (2013): 1155-1165.

[11] Reddy, Karthik G. "Low power—area designs of 1bit Full
adder in cadence virtuoso platform." /nternational Journal of
VLS/I Design & Communication Systems 4, no. 4 (2013): 55.

[12] Uma, R., and P. Dhavachelvan. "Modified gate diffusion
input technique: a new technique for enhancing performance in
full adder circuits.” Procedia Technology 6 (2012): 74-81.

[13] Vasudevan, D. P., Lala, P. K., & Parkerson, J. P.
(2007). Self-checking carry—select adder design based on
two-rail encoding. IEEE Transactions on Circuits and Systems
I: Regular Papers, 54(12), 2696-2705.

[14] Akbar, M. A., & Lee, J. A. (2013, September). Self-
checking carry select adder with fault Localization. In 2013
Euromicro Conference on Digital System Design (pp. 863—
869). IEEE

[15] Akbar, M. A., & Lee, J. A. (2014). Self-repairing adder
using fault localization. Microelectronics Reliability, 546-7),
1443-1451.

[16] VALINATAJ, M. An Enhanced Self-checking Carry

Select Adder Utilizing the Concept of Self-checking Full

97



(Bh9 daiaa daf g cul Jlal) maleiia Carry Select Adder gala 313 )i anli g Julas
.GDI 4y Static CMOS 4

Adder. Internationa Journal of Engineering, 2021, 16.2: 273-
421.

[17] Akbar, M. A., Wang, B., & Bermak, A. (2020). Self-
Repairing Hybrid Adder With Hot-Standby Topology Using
Fault-Localization. IEEE Access, 8 150051-150058.

[18] Morgenshtein, A., Fish, A. and Wagner, |.A., 2002.
Gate—diffusion input (GDI): a power—efficient method for digital
combinatorial circuits. /EEE transactions on very large scale

integration (VLSI) systems, 1((5), pp.566-581.

98



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes daayl) daala A

Cary 3

N daaa 0 G0y g el adllae o 2024 s 6 2aad) 46 Al

Jasd Jo )o.ulw." JLI-l"éJAo ;IAi J-llﬂ.-ig ;i.llIIJA
gLl onsll o ylas ol adiauly Sl yuuo
guaghaLidoll Jda]L,

a ) daaa alEllae Lo el Gila
Tty gly A isal) duasighl Al

1Y e daaa 3= (G5, Chugy L iaba)
UAA.‘AH
Clipkill (e paall 8 Taliie Doy e (450 o aiusall Sl ClSjas Canl
Adle Allad e 33l Lpalid Juady @lldy dasdldly oSl cliglaty deluall
ledany Los 5 ASaliny (ailiady cilpall cililee 45 cJle ann — ade Jaas
Spaa o Capill Gandl 138 8 28 Al el Sl clSas ge Tam Dby
Ghidl Glelaia araaiy wdalindl Jially eledll Saill 4l BLDC
pasal g AllSilly dpulil) cleaid) s e Al slaly el
Saill adsed 3llae i ehaall Saaliall elal Gauads el aie Gilaga
oea FOC with Fuzzy Logic Controller s FOC with Pl Controller
Jealls £ o Jaadl Al & L)l cass s MATLAB Simulink 4y
il gl Aliadl 4laal) 3l cpelal LAepull ke Agan o Jaally Agan e
Saeliall £1330 4 leaily FOC with Fuzzy Logic Controller alaaiuly a3l
.FOC with PI Controller alasziul,

090 e il Ul Giae AlelSall dplill claidl daliiadl el
Jiall eladll oSail) ¢ ual) dmil)l Gmje dind o olaal)l Ghid) s
- bl

99



Sl aSatl) da ) A aladiuly ) hea (98 G aliasall LN & £l Jalat g Al 3
(lalital) JRall

Studying and analyzing the performance
of BLDC motor using Field Oriented
Control (FOC)

Abstract:

The Brushless DC motors play an increasing role in many industrial
and control applications, thanks to their good properties of high
efficiency, high torque-volume, low maintenance and good
dynamic characteristics, which makes them a good alternative to
traditional DC motors. In this paper, the BLDC motor, the magnetic
field radial control algorithm, the design of fuzzy logic controllers,
and a comparison between them and proportional and integrative
controllers were identified in order to reduce the motor torque
ripples and improve the dynamic performance of the motor. The
control models FOC with PI Controller and FOC with Fuzzy Logic
Controller were simulated within the MATLAB Simulink
environment, where they were studied in the case of working on
no-load, working on a load, and working on a variable speed load.
The comparison results showed an advantage for torque ripples
using FOC with Fuzzy Logic Controller and an advantage for
dynamic performance using FOC with PI Controller.

Keywords: Pl Controllers, BLDC, Fuzzy Logic, Sine PWM, Field-
oriented Control (FOC).
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A sl G513l Gl ¢ L,

B shlls A jshll f daliall &yl : Myp

C shlls A Hshall G Alalaall dpayyatll @ My

A e e iliialy R Ll e ) il (8) ¢

ey Al (d) Lol sl o dpseanall Al oy lsall sl 5l 1 6
A sl
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1(1)2ead) Aalas 3 masailly

d
Vi=Ry iy +—\Lyis + Mypip + My-i
A A" la dt( ala ABLB aclc (4)
+ Py (6) )
d
Va=Ry iy +E(LAL.A + Mypip + Mycic) + ey (5)
A skl b salsiall dpuSall 4ilyeSH ASad 358 e,
1y slocie AN )b Al el Aaslad) o Slae¥) e 23V
RA = RB = RC = R
S5 Ay jail) SIS
LA = LB = LC =
:adaliial) Ay panilly
My=Mg=M=M
diy dig dic
Vi=R-iy+L—+M—+M—+e 6
A A dt dt dt 4 (©)
2Rl Gaad AV el clyla o) Lagg
1(6) 2¢ad) Alslae Tasuuss (S
di
VA=R-1A+(L—M)d—:‘+eA (8)
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(V4 R 0 O iy
VB‘ =|0 R 0‘ ) iB
[V, 0 0 RI li;
[L — M 0 0

0 L—M 0

0 0 L—-—M

+

dt

: shemall JAIL ALL Alslaal) (iS5,

i €x ©)
iB + 83
iC eC

asity Gl Hodall dga Aijea Jal e @lldg galiall dga paail 2 liay Gl Jial
sen A 4uld Jedl e sy Bl sgay (9) Aaleadl 3 el sea Jlaculy

J}H\
Vag R —R 0 ][]
Vecl=10 R —R||ig| +
Ve =R 0 Rl
L —M M-—L 0 d 14 €4 — €Ep (10)
0 L—M M—LEiB+BB_ec
M — L 0 L— M] e €c — €y
u, LM R
5 Y
L-M R
B vy
w M R
o Y[

s (193 O paienall LY &l ABISA) 500 2 (4) S8
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2aleSl A aal Bl el pen JealaS uwhline Sl dclain) Jax
DN kY iy dpuall

Pem =eAia+eBib+eciC (11)
: mllingg Sl aial) ADke o Jeans LSS cile bl Jlaalss

Pon = Wi Tem (12)
eqly +egip +eci,

Tom = o (13)

1207 (Kol dlls (8 dasd chaall o3 (A Ay SN Al G el
t ) JSAll a3l ABDle raal @l pmall Cplada (s lia Il

dw
Tem =T, =] — =+ Bon (15)

Al bilaall e il dalinall (ol alaal) dagl 2 3y,
syl zl) e i p

.(Torque Coefficient) ayll Jalas - K7

il A &l :

il Alaall a3e 2 ]

.(Friction Coefficient)dl<ia¥) Julas : B

.(Load Torque) Usesll aie T
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099 Ga palwal) LN e BalE B 4 glegidll AEN aladiu) 6.2

:Qb&.u

@}J 37\.1}‘).\5]\?\ U_\Ldl_d\ e\.l;.b.ul.l &_\bs.um O (e )A:\.umj\ )\,}.ﬂ\ ‘ﬂ‘)M BJ\,}E uSA.\
A dail e Algsenl a8 ¢yt Jlaas 235 15 langs Gazs 5 skl

MOSFET, BIT, &5 00 0585 of Sy Laaiiusall A3 pSY) msilially (Bleiy Logh
Glabia (e bl pimge o Gloglaal)l 4ug i<l ol b IGBT
il (Blely = e Agpue Aailill GhEY) oSy (Jsp palic)aunsall
sl B Zbi)Pale plabive Al ()5S 4y Adaal S 85 AJGN 4, <Y
GOk adan dal e ALeS dan 120 saad (o) e3all 4 ATy e
s )l claidl 5 Soft Starting acll Juagll Ayl axiiis kY
Ayl saally Ll Glase JISE (6)dSE pn PWM dcantll (aje Joass
Laaldl) eyl e 2l @llds cajall Gy olpaall DN cila) e 4l Sl

J11058 clubis e

Phasea Phasab Phasec

T T3
V.7 =F Va Vv,

4 T8,

Inverter
Gating signals BLDC motor
Direction command o ) e
> Controller - Paosition information 5 } Hall sensors i
Speed command — i (displaced by 120°)

4] skl A &) giuilal AE :(5)Jead
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o S A A A A

a3 (a panal] U @l pially sgally Ll lasa :(6)JSl

Gl peiall ehadl) pe A3l Bane Uie (e Ol jaall 238 4y aiadi Lo o)
Hlase SN tgglunall (mns (pe 5183 Y Ll V) pmppail) sl
Andipal) Al s eoas ) el 50l 5yla v
Olsall pmsal Gl ) A S Jagll $)h dsls v
e Gl JY) romad @llds wiall inie b cllfialy Glasal Gipan
A S Aol sy (SGls Oloally Cllill G dlsed) 3yl o)
allai 35 aea A6 e Llle Lo 2 clSyaall a3 of Gua cdadiiun
JRE 06 haadll 138 4 .6-step (120 degree) e 55 Jaais
& lasd Gany Jally Coyaie 4d AV il girall agall dage

g SIS slial) 8 Jyall cillaad die el
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Field Oriented Control  uhliall Jially el aSadl) .7
:(FOC)
DLl ae Lpald e Lalitiee olalind) Jially eledl) Sail) Tase e
S yally Gl (e JS el Al liar (oall JEiual) gnedl) 53 el
Gasilly aially Sl BLDC Motor dyae b Lo oKay o AY) e Jiis
diall glady dhagye 4fha) glae aladiuly @y Jiwe (S0 bl
gled Ohsal Agshll Aejud) iy 5555 -0 slaall dead G lsall cslalizall
éh Llee o) lsall Jis plad o Guhaie d skl jeaall deag Jlsall Jis
Gl O gk Jilaty &5 ¢(Legie IS Jiiall 2Saall) adally Gl G dalsyY)
JShy oSl e Aghae [ 8p8hall Al it Cas s 5 [y 0SS
e Mixiy baie e ARphall s3g pSal dpa)lsa e L aall (e aje il

(P lolSally ol oSl Jie) Alaguad) Bl cileSaial

bl Jially eledll aSatl) ey lad dgaiall labad) (7)JSE) o
e AW Jas Cun sl 4D Ayl Al Gy e AV 435 S FOC
A ae Jsmase Jshall (D Lpua ogie 5 o oSa) Uge i 26 0
P e le aSailly dpmapal) el ao AU Auliall dejud) 4jlie 35 . (Aaled)
Tadsanll AS5all Lonmpall dadl) Jias Anpd il LIS ol Aoyl Saa
Tarapall aseall o Jeaat Lol Gpsganlly A1) A5 adt DA G bl
G Ve dmasdl 25eall e Jant eledll Jyatll Ldee aays V5 5 V'
L) ae JAal 35L5) 4)liay PWM il a5ty PWM uaiall Jal) 5)L5) Jia
Gilse 53 AB il dgad) S s 60 oSt cliag JS) Ak

[1-[S] A stlaal) ey

112



Aila glaall g iy S 5 ASloal) il o slal) ALl Cind) daaly Alas
N daaa 0 G0y g el adllae o 2024 s 6 2aad) 46 Al

Inverse Park-Clark
Transformation

(oo [ 0,

A

b

ap abs

Park Clark
Transformation Transformation

FOC With PI bl Jially o ladl asatl) 45k B gaiall hbial) 1(7)Jsa

Inverse Park—Clark
Transformation

P& dq >
. PWM Inverter >{REEDG

abs > \

ap €

abs J€

Park Clark
Transformation Transformation

FOC With FLC uhliiall Jially o ludll atail) 45l gaial) hladal) :(8)Jl
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:[S](Vector Transformation) stadll Jisaill .7.1
DA lshY) o dadall G Cus (9)JSEN b LS shall DG Lo Ll oK)
:120"

2
A - 3 liatai+ati

a.ly Ia /

i(8) ATa(8) 1,(8) 1,(x) ol

T

skl i L el gl £(9)Js
iq(t) = lmax sin(wt) (16)
21
ip,(t) = ipgySin (wt — ?) (17)
4m
ic(t) = ipgy sSin (wt - ?> (18)

sl (gsluy Adaad U 3 A Ik @bl gyl g sanall o Cigyrall (1

i, +i,(t)+i(t)=0 (19)
Aoy shy A3l ailigh gled sed T LY @hlal eledll g sand) W
Caa by Adaalll 8 DAY k) chlal o ledll g genall Jiay (8)dSall . 4yl
:Wh&ddsggfgcw\@@\dp ges

= 2 (i +a.i, +a%.i.) ca = ej120° (20)
gladll U Sl ahlal elbdl) gaand) s &y (2/3) culill Pa e
1Al (33T Cumy (55l

|i)| = |iamax| = |ibmax| = |icmax| (21)
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:(Clarke Transformation) <,Ms Jigad 7.2
G LS () skl Sl LUl ) (3,h,C) pskall DN Hlail e JEY) )
G LYl (a,f) Sl el dun S Jigad cann (10) 820
AleSl ENVL Sl Aglee 1S aaais g

p

=@ 3

=

)

(- -y

(o Al Gldlaayl 3 8 [l Sadales S As
,B) Al cldlaayl (20 MM\@_’JM\&MZ\JM"MSw

= 2 (ip + a.ip + a%.i,) (22)
T= 2 (ig + (1£120°). i + (1£240°).i,) (23)
?: Ia +]IB (24)
Ll g lad 3e e Jomad LAt S a) e Adall S a) Joai
2 1
Ia = § <ia - E(lb + lc)) (25)
1
Iy = ﬁ (i, — i) (26)

Hghas (85 e (26) 5 (25) o) s

=W =

. 2 1 la
“@ 13 3 3|
| H 5 @)

I 0 — ——

S SRVE RS P
st (3,0,C) skl DU 2l ) (@, B) sskll S aladl e JEY) L
tABDall aie ey o)y (Clarke™ Transformation) .Sall G SIS Jysay
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|_la_| r 1 0
|| 1 V3|l
b= 2 2 [ ] (28)
- -7

:(Park Transformation) b Jaga3.7.3
Dl gl (@,B) Anlll clilay) 4 el DB Hls Jha 5 AgL) syl
DS digns aladinly iy T Aasaally [ A@Y) paSoall DA e T
ey 53 S (d,q) sl cldlaayls (a,B) bl clilay) o (11)dsa)
pe piad Ll plad Wl ¢ spiie Ay Al Clilaay) ae piais @ gl
(& — @) Aushll 3)lsall lEaaY) aa 5 € Byariall Ayshll Al Clilaay)
AL B Glilaay) BT Ll g led e

I, + jlg = |ile’® (29)
1Al Al (d,q) 3)leal) caldlaay) g
Iy +jI, = [|e/9) (30)

&l dasas 1(11) s
Ip+jl, = (I, + jlg)el® (31)
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o Al e Agall A Joaiy

Iy = Igcos @+ Ig sing (32)
Iy = —lgsing + Iz cos @ (33)
Highoas JSE e (33) 5 (32) ol i

Ig cosp sing|[la
= (34)

I, —sing coso|Lp

slsall culilaay) Ll e et 5S5e e sl & (34) dslaall DA
oo JEN) gl o(@,B) bl cdlaay) & ol gled S ANy (dg)
Dl dysaiy oda JEY) dlae el Cun glsall Glilaay) ) ) clilay)
.Park Transformation

Bl disail LUl Gl e Joass (30) 4D e (29) Al sy
S olsll cldlaayl e JEmY) ol (Park? Transformation) .Sal
AL Clglaay)

Io +jlg = (Ig +jIg)e’? (35)
tans A0l e Agdall S5l Juaiy

I, = Igcos — I, sing (36)
Ig = Igsing + I, cos ¢ (37)
Adsiias J3 e (37) 5 (36) ol i

Iy cosg —sing|[la
= (38)

Iﬁ singp cos¢@ Iq

z.,y\uﬁ\;\ Glasatial) . 7.4
st Ltk g o V) oSanl dakil 3 Jasiud jualic a4 pSIY) cleSaid)
b Aalie s ) Jeal) oda Gy die bl (puads deSaill Jaall dac
Jaall dad e Lg aSaill Cogllaall o)Al 5Ll Ajliey coleSaiiall o g L Jall 5,L5)
syl axis zoadls Jaall 3yl (e Uadd) 55L3) o CalaiV) jlaia ayaaty gyl
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g5 WAl Al ASes dad pual sl ) GaladV) I (i 6 dgeSal
coas (12) JSally Saill ddee (e Dpgllaall Cilaa¥ly aUaill g5 Cava aSaiall

— el sl
R R = Bt >
(12)Jsa

Pl LalSill puslil) pSatal) .7.4.1
(Al T Lol anil) Saiall Asal Asleall

t

U(t) = KoE(t) + K,j E(t)dt (39)
0
Pl aSaiall Jaill i e Juani (39) 48all (LY Jysat e halys
E(s) U(s) K
U(s) = KpE(s) + Kj—= = Gp((S) = B =Kt ?f (40)
_ L (41)
U(s) =Kp(1+ T,S)
K
TI - FP
1
LSl el :K
Ll il T,

 alSl sl aSaiall | 8gaall aladall oy (13) Sl
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E(S) U(s)
— -

.glnlSﬂ\ g..u.nm‘ @S&ld\ BY3) (13)(}5&1\
Lol il aSaial) e (o pany 431 aSaiall 138 Cljae (g

: eansll) pSaiall iy

(Jj,_.aj\ () d.ds.a) ew\ :\.::).u BA\::)' °
Byfiasal)l Al & Uadll ok (aity Canliil) laiesaly) o

t eanelil) Saiall il

Byfiasd) Alall 3 Uadll LY o
(DY Ay (mlaasl) AUl Slal oy sl culisaly e

el aSaiall cilulay)
Byfianal) Al 8 Wadll 55la) o11)) o
t oelSall aSaial) il

(ObEY) Aayy 4 mleasl) Uil lgal e e
:Fuzzy Logic Controller zluall shiall aSaia.7.4.2

tFLC 5 ulill Pl s (e pavaall (olaall laiall oSaia (S5
KPZ = KP]_KP (42)

K, = K1 K, (43)
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dua

Pl Saie iyl o 1 Kp K,
FLC z)law & 1Kpy Ky

s 55L3) ce(t)

¢
Fuzzy
Ci‘ Control
l \_
Ki |Kp| KD
U Yy Vv N yPID Y
—>{ PID Controller ]—)M——»

FLC 2 pSaie :(14) s
(darcall) ol i) any aSaviall dlalaa

t

Upi (£) = Kppe(t) + Ko f e(t) dt

0

:Fuzzy Logic Controller zluall ghiall aSais asaai.7.4.3

(44)

oSaidll sny b FLC oSaie areai 441 Jigaiall Jalaaall (14)JSE0 o
Kp1 Kjnplaadls Ce Wl & yually e Wadl) ge 3jle Jalaall 0585 dplanal)
Fuzzification il Llee daulsy dulica a8 ) Jaall 35La) Jyea Qi

syl lalliadl Gua

PB, PM, PS, Z, NS, NM, NB
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aclsall Gy oAl ad auant iy LAl o laaly Jalaall sLay) il LY s
b Al Gyh oo damly plie ) Al glaal) cilily disad s Al

.[3]Defuzzification dnluzll

"’.\Ludl'l ‘jhh.“ alada asaal

el LB A ) UGl poandl () S A Aplaal) | s ) lpdia spsa3
Fuzzy Logic Controller

T T ]

pa gl 8 Jyaiu! a gl P
Defuzzification Inference Rule-base Fuzzification
Mechanism
(14)Je

s gptall LA 383 Alee SIS illy LAl g 3haie 25l de gana il
LG ol Jalad) wadinls aelsdll de gena JiSi

cele NB NS ZE PS PB
NB VB VB VB VB VB
NS B B B MB VB
ZE ZE ZE M3 3 S

PS B B B MB VB
PB VB VB VB VB VB

s eaealil) gl gl aegh 1 (1) gand)

cele NB NS ZE PS PB
NB M M M M M
NS S S 5 S S
ZE MS MS ZE MS MS
PS S 5 S 5 5
PB M M M M M

L) gl il sl £(2)d gasd)
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If (eisNB) and (Ceis NB) Then (KpisVB) (K;is M)

v i Ay MATLAB (ess Fuzzy Logic 4ealy (15)Ja) oo
[6]ae sl LS5 L) ey JS5 g laally Jalaal

FIS Variables i Memblershlp '.umhr.' plots Tict Deints: 181

NE MM NS ZE PS PM PB
N‘i -

08 08 04 02 ) 02 D4 i i}
input variable "E”
Current Variable Current Membership Function (click on MF to select)
Name E Name ZE
Type e Type trimf hd
Range ) Params [-0.25 0 0.25]
Display Range 1 1] ‘ Help Close |

-MATLAB ¢a Fuzzy Logic dgals :(15)Jsad

2. If (E is NB) and (EC is NS} then (KP is B)(Klis 5) (1)

3. If (E is NB) and (EC is ZE) then (KP is ZE)(Kl is M5} (1)
4. If (E is NB) and (EC iz PS) then (KP is B)(Klis 5) (1)

5. If (E is NB) and (EC iz PB) then (KP is VB)(Klis M) (1)
6. If (E is NS) and (EC is NB) then (KP is VB)(KIis M) (1)
7. If (E is NS) and (EC is NS) then (KP is B)(Klis 5) (1)

8. If (E is NS) and (EC is ZE) then (KP is ZE)(Kl is MS) (1)
9. If (E is NS) and (EC iz PS) then (KP is B)(Klis 5) (1)

1

0. If (E is NS} and (EC is PB) then (KP is VB)(Klis M) (1) W

If and and
Eis ECis Klis

NI Py 5 ~
PS Ms
PN ZE
PB B
none hd WB A
[ not [ not
r Connection Weight:

Cor

(®) and 1 Delete rule | Add rule | Change rule | < ==

MATLAB (ada 315l 4l :(16)Jsal
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Alilaal) (3 Lednmt (S A Aaluall 350 Ayl alasinly plaall ol

*

u=u =

YiZ1b; fu Mg (u) AU (45)
X% Jy e du

o B
PSRN

cAladal) ac)sal) 2ae :m

Sacldl oA 8 oLyl Ally S e by

Bl a8 e Lat) Ay dalua 1 [ ppindu
rlile Ay 8 lslaally Aadal) .8

FOC zis (20)Jalls FOC with PI Controllers z3s«i (19)J<3) c
élay BLDC éyss Je alaeYh sSlaall e ¢ua cwith FL Controllers
(3)Jsaall b Aipadl) cilialgall

(19)Jsal
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8

fHQ 0

;i gﬂg' i

:&5 i
L0 g, ]

(20)Jsaa

Parameter Value
Input DC voltage 24V

Stator Resistance 036 Q
Stator inductance 0.6mH
Rated torque 0.125 Nm
Torque constant 0.036 Nm/A
Moment of inertia 4.6u Kg-m2
Pole pairs 4

-pddiuall ¢ jaall cliaga 1(3)Jganl)

: LBty i) .9

skl 3,03 .9.1.1
Al leSaie aladind Al & Dl Ll L) (22) 5 (21)oaSal G
Jaally eludll Saill dj s e oluall Ghidl Glaiey Gkl
Dkl 4l Badls ¢ [0-0.05 sec] il Bla g1 o Jard) die . lalia)
& ol Allae aje o caliall dllyg ¢ MY ddaad 20 [A] by dad ) Juay
aall Jread oy syl Aladl o) olei) any jdiall (e dg)f dad o jfiy

125



Sl aSatl) da ) A aladiuly ) hea (98 G aliasall LN & £l Jalat g Al 3
(lalitall JAally

S of sl s [0.05-0.12 sec] a3l D& 0.122 [N.M] a8 4 gany
AL o B Rl e iy ad

Current la [A]

Current la [A]
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il
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0.08 0.

1 0.12

.FOC with PI Controllers Qs & &aall jghall ;L :(21)Jsil
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.FOC with FL Controllers dlla & djaall jghll L :(22)Jsad)
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Ll LS ahasind Ala b dpaall deyudl 508 (24) 5 (23)0Sal o
diall eladll oSadll 4yl Gan pluall Ghidl clsaieg 4kl
Jaall 2ic .4000 [r.p.m] o) s je deju die 3l Cad Cun  lalinal)
JE ey xie @il FOC with Pl Alla 3 @) deju of Laadl g1 e
) oalae Y1 35lail duily a1 @S, FOC with FL dlla 3 4de 5 L
Al 4 daadl I8 hEuY) ey of 2adU @adll Juaad die . (Cargdl 5las

.FOC with FL

4500

4000 [’h \...---"

3500 ‘

Actual Speed
Reference Speed | _|
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2500
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1500

1000
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0

0 0.02 0.04 0.06 0.08 0.1 0.12
Time [sec]

.FOC with PI Controllers a3 &aall depu :(23)Jsil)

oSl allas Al g Aladll Dpaall e puss Dpmapall ynall depus (25) SN G
il ()5Sl
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Data Analytics in Higher Education
Using Data Mining, Business Intelligence
and Big Data Analytics Techniques —
Syrian Private University Case Study

Dr. Mouhib Alnoukari

Abstract :
Data mining techniques and business intelligence tools have been
widely used in various fields including engineering, medicine,
education, marketing, and more. However, their application in
higher education has gained significant importance due to the
exponential growth of data related to universities and colleges. This
has led to the need for managing large volumes of academic data
and employing data mining and big data analytics techniques to
extract valuable insights.
This research aims to analyze academic data at the Private Syrian
University (SPU) using data mining algorithms and business
intelligence systems. The results of these analyses will be utilized
to develop and update the university's strategy, evaluate its
performance, and ultimately enhance its academic and scientific
standing.
The findings and reports generated by the research and case study
were leveraged to set precise strategic academic goals at the
faculties and university levels, leading to an increase in student
admissions and acceptance rates. The key axes and reports relied
upon were: predicting student outcomes, predicting student
enrollment, predicting the average student GPA in each faculty,
segmenting students into groups based on their academic
performance, segmenting courses in each faculty into groups based
on the average grade.

Keywords : Data Mining, Data Warehousing, Business
Intelligence, Big Data, Big Data Analytics.
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