
Venus: An Efficient Edge Memory-and-Retrieval 
System for VLM-based Online Video Understanding

Shengyuan Ye1, Bei Ouyang1, Tianyi Qian1, Liekang Zeng2, Mu Yuan2

Xiaowen Chu3, Weijie Hong4, Xu Chen1

1Shengyuan Ye @ School of CSE, Sun Yat-sen University

1 Sun Yat-sen University
2 The Chinese University of Hong Kong

3 The Hong Kong University of Science and Technology ( GZ)
4 Shenzhen Smart City Communications Co., Ltd.



Shengyuan Ye @ School of CSE, Sun Yat-sen University 2

!"#$"% &'$(%) &*"(%+,-."($"/ &011#$2.-$)",

! !"#$"%&'$(%)&*"(%+,-."($"/&$,&."&%,,%"-$.#&%(/%&$"-%##$/%"0%&.11#$0.-$)"2



Shengyuan Ye @ School of CSE, Sun Yat-sen University 3

!"#$"% &'$(%) &*"(%+,-."($"/ &011#$2.-$)",

! 344,&5.(&#)"/&,%+'%(&.,&-5%&6.076)"%&)8&)"#$"%&'$(%)&*"(%+,-."($"/2
! !"#$%&"'() !"#$%&'"#$%()*+&)*,%'-./()'0#' 123"'-0*/4
! *+,+"-"+.%() 5-6722"."'-%)2+3)$"#$1*'8'*)6'9,-%".)3'%3"'8,*),-0).3+6619+0,*)3',6+-"-#: )

6%37##*'6)&"%$)-,%73,*)*,-#7,#')"-%'3,.%"+-),-0).+-%3+*4



Shengyuan Ye @ School of CSE, Sun Yat-sen University 4

!"#$"% &'$(%) &*"(%+,-."($"/ &011#$2.-$)",

! 9)(%+"&:.+.($/;<&=+.",8)+;%+>6.,%(&'$,$)">#."/*./%&;)(%#,&?@A9,B2
! ;3+6619+0,*),*"#-9'-%)'-,<*"-#)0''=)3',6+-"-#),-0)-,%73,*)*,-#7,#')"-%'3,.%"+-4

! 344,&5.(&#)"/&,%+'%(&.,&-5%&6.076)"%&)8&)"#$"%&'$(%)&*"(%+,-."($"/2
! !"#$%&"'() !"#$%&'"#$%()*+&)*,%'-./()'0#' 123"'-0*/4
! *+,+"-"+.%() 5-6722"."'-%)2+3)$"#$1*'8'*)6'9,-%".)3'%3"'8,*),-0).3+6619+0,*)3',6+-"-#: )

6%37##*'6)&"%$)-,%73,*)*,-#7,#')"-%'3,.%"+-),-0).+-%3+*4



Shengyuan Ye @ School of CSE, Sun Yat-sen University 5

'34, 56.,%( &!"#$"% &'$(%) &*"(%+,-."($"/

! C"&)"#$"%&'$(%)&*"(%+,-."($"/&.11#$0.-$)"&%;1)D%+%(&6E&@A9,2
! /'#$$01.#$0,.234$(>)?%3',9"-#)@'3.'=%"+-)A+07*'()B"6%+3".,*)A'9+3/)A+07*'()

,-0)C',6+-"-#)A+07*' 4



Shengyuan Ye @ School of CSE, Sun Yat-sen University 6

78%&9%1#):;%"-&9$#%;;.

" 54.3267%4809$:4.8,$%")D=*+,0"-#)3,&)8"0'+)6%3',96)0"3'.%*/)%+)%$').*+70)"-.736)
=3+$"<"%"8').+997-".,%"+-)*,%'-./4)!!"#$%&$'()!*''+,#,-. "

" ;+"' 0<2&$0=+4"$#+%&)?"9=*')+- 10'8".')23,9')03+=="-#)3'07.'6)0,%,)%3,-69"66"+-)<7%)
0"6.,306).3"%".,*)8"67,*)'8"0'-.'4)!/,0,1,)2#3*14"'&*#)5*66"



Shengyuan Ye @ School of CSE, Sun Yat-sen University 7

!<+ &=:,-%; &9%,$/" &>).#

! C&,E,-%;&,*11)+-$"/&%88$0$%"-&)"#$"%&'$(%)&*"(%+,-."($"/&.11#$0.-$)",2
>? 5.,,3%+1-"+.%0<@@+1+$%18)0E**'8",%')'0#'1.*+70)<,-0&"0%$)<+%%*'-'.F6)</)

'*"9"-,%"-#)3'07-0,-%)27**123,9')8"0'+)7=*+,064

A? B$-46"+,$0B$-46"+,$07%4+%$0C3$#8+%&)?7==+3%)3',*1%"9')8"0'+)=3+.'66"-#),-0)

'-,<*')*+& 1*,%'-./)3',6+-"-#)+8'3)<+%$)*"8')6%3',96),-0)$"6%+3".,*)0,%,4

D? E-"3#-40*-%&3-&$0F%"$#-1"+.%)0?7==+3%)"-%7"%"8'()76'3123"'-0*/)6'9,-%".)G7'3"'6)%+)

'-673'),..'66"<*'),-0),..73,%')8"0'+)7-0'36%,-0"-#4



Shengyuan Ye @ School of CSE, Sun Yat-sen University 8

?(/% 52#)<(&9$,.//+%/.-%(&0+28$-%2-<+%

! =5%&%(/%8)+&6*$#($"/&'$(%)&;%;)+E&."(&7%E8+.;%&+%-+$%'.#F&D5$#%&-5%&
0#)*(&,$(%&$,&(%($0.-%(&-)&-5%&5%.'E>(*-E @A9&+%.,)"$"/2



Shengyuan Ye @ School of CSE, Sun Yat-sen University 9

7%28"$2.#&@8.##%"/%,&$"&A+.2-$2.#&9%1#):;%"-

! G%,1$-%&$-,&,$;1#$0$-EF&-5$,&8)*"(.-$)".#&.+05$-%0-*+%&8.0%,&0+$-$0.#&-%05"$0.#&
05.##%"/%,&8)+&+%.#>D)+#(&(%1#)E;%"-2



Shengyuan Ye @ School of CSE, Sun Yat-sen University 10

7%28"$2.#&@8.##%"/%,&$"&A+.2-$2.#&9%1#):;%"-

! G%,1$-%&$-,&,$;1#$0$-EF&-5$,&8)*"(.-$)".#&.+05$-%0-*+%&8.0%,&0+$-$0.#&-%05"$0.#&
05.##%"/%,&8)+&+%.#>D)+#(&(%1#)E;%"-2
! !"#$$%&'%() *(!"#$%&'()*+,%$"*-)./%.)'&0("1)%)12)--"*#%'*-%"*#)/("3*4



Shengyuan Ye @ School of CSE, Sun Yat-sen University 11

7%28"$2.#&@8.##%"/%,&$"&A+.2-$2.#&9%1#):;%"-

! G%,1$-%&$-,&,$;1#$0$-EF&-5$,&8)*"(.-$)".#&.+05$-%0-*+%&8.0%,&0+$-$0.#&-%05"$0.#&
05.##%"/%,&8)+&+%.#>D)+#(&(%1#)E;%"-2
! !"#$$%&'%(+*(56+)//"7)&,%.)-8*-'*(%9.'1)/%37).:$)&1%($)%1)13.,%-'('2'/)%

'*-%-)#.'-)%.)(.")7'&%;).93.1'*+)4



Shengyuan Ye @ School of CSE, Sun Yat-sen University 12

7%28"$2.#&@8.##%"/%,&$"&A+.2-$2.#&9%1#):;%"-

! G%,1$-%&$-,&,$;1#$0$-EF&-5$,&8)*"(.-$)".#&.+05$-%0-*+%&8.0%,&0+$-$0.#&-%05"$0.#&
05.##%"/%,&8)+&+%.#>D)+#(&(%1#)E;%"-2
! !"#$$%&'%(, *(<'+=%39%-"7)./"(,%'*-%'-';("7"(,%"*%>3;0?%/)&)+("3*%'&#3."($14



Shengyuan Ye @ School of CSE, Sun Yat-sen University 13

'%"<,&=:,-%;&!B%+B$%C

! @%"*,&6*$#(,&*1)"&1+%'$)*,#E&1+)1),%(&%(/%H0#)*(&($,.//+%/.-%(&
.+05$-%0-*+%&-)&8*+-5%+&.((+%,,&-5%&-%05"$0.#&05.##%"/%,2



Shengyuan Ye @ School of CSE, Sun Yat-sen University 14

=%/;%"-.-$)"&."(&@#<,-%+$"/&D)+&E+.;%&E$#-%+$"/

! IJ-+.0-$"/&+%1+%,%"-.-$'%&0%"-+)$(,&'$.&,%/;%"-.-$)"&."(&0#*,-%+$"/&-)&
%#$;$".-%&'$,*.#&+%(*"(."0E2



Shengyuan Ye @ School of CSE, Sun Yat-sen University 15

F$%+.+28$2.#&4%;)+:&@)",-+<2-$)"

! !*+&;%;)+E&;."./%;%"-&.+05$-%0-*+%&$,&)+/."$K%(&$"-)&-D)&5$%+.+05$0.#&
#.E%+,<&-5%&!"#$%"&"$'"()!$."(&-5%&*+%),$%"&"$'"()!2&



Shengyuan Ye @ School of CSE, Sun Yat-sen University 16

=.;1#$"/ 5G.,%(&E+.;%&H%-+$%B.#

! L1)"&+%0%$'$"/&.&*,%+&
M*%+EF&@%"*,&%"-%+,&-5%&
M*%+E$"/&,-./%F&+%-+$%'$"/&
,%;."-$0.##E&+%#%'."-&
8+.;%,8+);&)">(%'$0%&
;%;)+E &."(&8)+D.+($"/&
-5%;&-)&-5%&0#)*(>5),-%(&
@A9,&8)+&+%.,)"$"/2

H+=1I )J3,9' )?'*'.%"+-

?,9=*"-# 1<,6'0)J3,9' )?'*'.%"+-



Shengyuan Ye @ School of CSE, Sun Yat-sen University 17

?B.#<.-$)"

" G-#2H-#$0!$"3:)

! K0#')?"0'>)LM5N5E)O'%6+-)EPQ)R3"-)'G7"=='0)&"%$),-)LMA')??N)2+3)'S%'3-,*)

6%+3,#'4

! ;*+70)?"0'>)E)6'38'3)&"%$)LM5N5E)!TU?)P@D6)VTW)PX)9'9+3/Y)%+)'97*,%').*+70)

.+9=7%')3'6+73.'64

" 9-"-($"(0-%20I.2$4()

! Z')'8,*7,%')M'-76)+-)%&+)&"0'*/)76'0)M[E)<'-.$9,3F6()M"0'+ 1AAK),-0) K#+?.$'9, ()

&$".$)6"97*,%')3',*"6%".)+-*"-')8"0'+)7-0'36%,-0"-#)6.'-,3"+64

! Z')0'=*+/)%&+)=+=7*,3)+='-16+73.')M!A6)+-)%$').*+70)6'38'3>)!!,ME1RM1\X),-0)

[&'-] 1M! 1\X4



Shengyuan Ye @ School of CSE, Sun Yat-sen University 18

?B.#<.-$)"

" J-($4+%$()

! D-"2+39)?,9=*"-#)6,9=*'6)23,9'6),%)2"S'0)"-%'38,*64

! EI?)=3+=+6'6),-),0,=%"8')F'/23,9')6'*'.%"+-)9'%$+0),-0)'9=*+/6),-)+=%"9"^,%"+-)

,*#+3"%$9)%+)'-673').+9=3'$'-6"8').+8'3,#')+2)%$')6'*'.%'0)F'/23,9'64

! XR!H)0'6"#-6),-)"-8'36')%3,-62+39)6,9=*"-#)9'%$+0)%+)=3"+3"%"^')G7'3/13'*'8,-%)23,9'6()

"9=3+8"-#)='32+39,-.')+-)97*%"16+73.')3'%3"'8,*)M[E)%,6F64

! M,-"**,)3'2'36)%+)%$')-,"8')'0#'_.*+70)0"6,##3'#,%'0),3.$"%'.%73')"-%3+07.'0)"-)?'.%"+-)

555()&"%$+7%),-/)+=%"9"^,%"+-4



Shengyuan Ye @ School of CSE, Sun Yat-sen University 19

?B.#<.-$)"

! !"#$%&'()*"+"%&(,-.'/'01"&/"'%,#*#2&'(($/'(3&4,&%4'4"5,654)"5'/4&0'%"1*#"%&
7)*1"&%*2#*6*('#413&/"8$(*#2&9$"/3&/"%.,#%"&1'4"#(3:



Shengyuan Ye @ School of CSE, Sun Yat-sen University 20

?B.#<.-$)"

! ;'%"&<4$83=&<'-.1*#250'%"8&/"4/*"+'1&./,+*8"%&0/,'8"/&+*%$'1&(,+"/'2">&
"#%$/*#2&4)"&!?@&)'%&%$66*(*"#4&(,#4"A4&6,/&'(($/'4"&/"'%,#*#2:



Shengyuan Ye1, Bei Ouyang1, Tianyi Qian1, Liekang Zeng2, Mu Yuan2

Xiaowen Chu3, Weijie Hong4, Xu Chen1

21Shengyuan Ye @ School of CSE, Sun Yat-sen University

1 Sun Yat-sen University
2 The Chinese University of Hong Kong

3 The Hong Kong University of Science and Technology ( GZ)
4 Shenzhen Smart City Communications Co., Ltd.

!"#$%&'()*'+,&-.$,$/


