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1 T tro ucto

Image cap ure b camera can ha epoor b ue o he o o aura on

an conra caue b hepreenceo cou me a ucha aer apour m

u an mo e n hea mo phere. h he ehaz mage a npu au onomou
em ucha e-r ngcar ne gen raffic ur e ance an unmanne

aera ehce ace egra e perormance or e ere a ure . In a on hee
em areue n cenaro here efficenc an o po er con ump on are

ough . Thereore a e cae ehaznghar are ou on requre o mee

hee m a on.

ar har are em or mage ehazng ere on e gne o0 pee
up o areagor hm.Lue a.[l] combne ar channe pror agor hm o
mp emen an mpro € a mage ehazng emona SPembe e pa-
orm. In par cuar he em’ compu ng effor ra ca oere he
e mananng hehghe po be magequa .Ho e er a camera echno -
og con nue oe o ean hereou ono mage become h gher an h gher
SP-ba e har are em rugge O eep up h he pee o mage pro-

ce ng. To enhance he apparen =ze o arou obec n a eph pcure
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ig A vwviw fhdv m fhm i d GA-basdCNNacc r-
a rfrimag dhai g.

confi ence mapo he npu Rene a.[12] e eope amu -caegae u on
ne or bae onanenco er eco erne or o ac e he nge-mage ehaz-
ng probem. genera ea erara ne or (G N an anenhancer ma eup
he mage ehazngne or ( CP N ha Zhange a.[l | ugge e . Theen-
hancer crea e h gh-qua mage a er he crmnaor rec he genera or
O crea € mage a acoar e cae.
hough he abo emen one me ho areeffec e n mage ehazng her
h gh number o parame er an h gh compu a ona effor hn er her epo -
men onreource- m e pa orm .Ca e a.[l4] propo e he ehazeNe eep
earn ng neura ne or or e ma ng me a ranm on map. The ne or
rece e aba phooa npu an hen a or he mage obereco ere u ng
ran m onmap an a mo pherc gh .B n egra ngana mo pherc ca -
erngmo e no hene or an u ng he o arabe n hemoe noa
nge Kparameer L e aJl] e gna gh egh ranabeen - o-en mage
ehazngne or ( O -Ne mnor er omnmze error . Ho e er he qua-
o hee gh egh ne or no hgh enough or hgh re ou on mage
recoer hee peope epo hem ohar arepa orm ucha FPG

Approach

Fg. 1 ho he proce o mpemen ng an FPG -bae mage ehazng -
em. Fr anembe e -ren gh egh ehazng eep earnngne or

e gne an rane . Then a CNN acce era or e gne u ng he HLS com-
per.Fna a e ce r er creae u nga an ar C+-+ comp er. The



4 Ju  a.

e gne an e eope acceeraoran € ce I er Con o an acce era e
he mo e nerence on he har arepa orm.

3.1 Netw rk tr ct re

In h reearch ebu anenco er- eco er ruc ure-bae re ua a en on-
bae pcure ehazng em. Themu -cae eauree rac onboc gae
u on ub-ne or channe a en onboc an enco er- eco er boc are he
ourmo ue ha maeup h agor hm’ ne or mo e.Theo era ne or
ruc ure propo e n h paper ho n nFg 2. eapp eph e epa-
rabecon ou on o ecrea e he 0o a amoun o parame er an con ruce a
gh egh ne or rame or oenabe epo men on e ce hre rce
re ource .

ig2 Th vra f ur r sd c¢cdrdcdr w r .Th wr c alsa
faur raci b ¢ aga dfusi sub- wr a dacha a i ui.

Enc der-Dec der B ck The npu haz mage fir pu no heenco er
mo uea a eauremap an heenco erpar ue hreecon ou ona aer o
earn he haze mage h he a con ou ona aer o namp ng he ea ure
mapb a acoro 1 2.0n heconrar he eco ermo ueconan a ran po e
con ou on oup ampe he eauremap o ’ 0 norgna re ou on. The ne

ocon ou ona a er hennon near map heup ampe ea ure o pro uce
he e re fina haz re wua map.

Fe t re Extr ¢t n B ck Spa a eparabe con ou on a ue o
mpro e compu a ona efficenc a ear a 2012[16]. Sooner or aer a ep h-
e er ono e Ne[l7 ha beena e mnor er o ncrea e accurac pee
up con ergence an compac he mo e. Recen eera gh- egh ne or
arch ec ure h accurac ob eNe [18] an Shu eNe [1 | ha ebeen e e-
ope ore ge e ce. ue o he m e compu a ona re ource o he FPG
pa orm a oun rom he e reearch concep ha eph- e epara-
becon ou oncou be e compe n erm o0 compu a ona re ource an
e nro uce a hebaemo ue or eauree rac on. hough m n ma



Lighwigh S arab C v ui a haigN wr bi GA 5

parame er are ue he qua o mage eharng guaran ee . ach
eauree rac onboc (FEB; =1 2 con an o ep h- e eparabe
con ou on( SCon an oreu a er (ReLU . The ea uree rac onmo ue
FEB;(x) repreene a

here F;_1(z) eno e hecurren npu ea urean DSC;(z) enoe he ep h-

e eparabecon ou on.

G ted Fs n b-netw rk Bae on Chen’ [20] re earch e ue he
charac er ¢ among e era aer u ngagae u on ub-ne or .Inor er
o ue he eaure map Fy F; an F; are fir e race rom he ea ure
e rac onboc an hen ne n ere b channe. The ue ea ure map
are hen en no hegae u on ub-ne or . The egh o he prece ng
hreere a e ea ure map (Wy Wj;an W, are heoupu o hegae u on
ub-ne or . The a ep omu p he hreeree an ea ure map Fy F}

an Fyb heapproprae egh aer. ho n hegae u on ub-ne or
a 0o
(WQ,Wl,Wg) :Gat (FQ,Fl,FQ) (2
F,=Wy Fo+W, Fi+Wy F

The C U rece e a ona npu rom he combne ea ure map F,. The
gae u on ub-ne or n h u ha hreeou pu channe an one erne

ze con ou ona a er hacacaeo Fy Fyan F, npu
Ch nne Attent n UntInpre b PCNe [21] hhgheffec e chan-
ne a en onun eue heC Ua ourba cboc n hepropoe ne or .
ep h- e eparabe con ou on hch perorm m ar o reguar con o-
u on h e beng more compu a ona more effic en empoe 0 € gn

C U nor er o ur her mnmze he number o parame er . The ep h- e
eparabecon ou on mme ae o0 o0 e b agoba a eragepoo ng h-
ou changng he men ona .Then oconou ona aer o1 1 =ze or
cro -channe norma on n erac on. The egh are henue oa u he
npu ea ure map o pro uce heou pu ea uremap a er he ea ure map ha
been hrough he Sgmo unc on ooban he egh aue.B eghng
an fi erng ou he promnen characer ¢ a hepreen cae n ea o
he orgna ea ure or bac ar propaga on an efficen channe a en on

empo e o ncreae hene or ' efficenc an per ormance. The effic en
channe a en on mechan m CAU;(z) e pre e a

DSC;i(z) = DSConvy;(ReLU(DSConvy;(Fi—1)) (
CAU;(x) = o(Conve;(Convy;(9(DSC;i(x))))) DSC;i(x)

here DSConv(z) enoe he eph- e eparabecon ou on o enoe he
Sgmo unc on an g(x) enoe hegoba a erage poo ng unc on. B -
namca a u ng he ea ure map channe egh ore ucere un anc an

earnngrch con e ua norma on oenhance hene or ’ ab oe rac
haze en mage he effec e Channe en on Un (C U henue

a er hegae u on ubne or enabe amore ea e ehazng.
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3. Hrdwre ptmz t ns

The mo requen an arge opera on n he ne or con ou on opera-
on becau e con ou onopera onrequre a 0 O MU p ca onan a on
opera on an a arge number o acce opera on on parame er ur ng he
opera ona oconume a o o me. The har are arch ec ure o he ehaz-
ng ne or e gne aroun he con ou on opera on an acce ea ure
n hene or aer o enee 0 e gnacon ou ON acce era or O en ure
he pee o con ou ona opera on h ebaancng herea on hp be een

har are re ource an memor ban h.
Huge aamu be ore onoff-chpreource ue o he FPG ’ re rce
on-ch p capac . Ne er hee a a rom he off-chp memor mu fir be

ranm e hrough XI o he on-ch p memor hn he FPG beore he

e ce can run a para e on-ch p program. er me he FPG run a a
ha e orea aa rom off-ch p memor h ch aea o0 o me

an cau e per ormance o uffer. e orea much aaa ecan n FPG
on-ch p memor on our m e on-chpreource opre en con an rea ng
an r ng aa rom off-chpmemor .In e gnng he memor acce ec on
eue acc cpar onng approach. Suppo e he ze o npu ea ure map
In N H;, W, he egh M N K K he zeo oupu eaure
map Out M Hy,, Wy an he npu channe ou pu channe an ou pu
ea ure map he gh an ho hepar onng acorare Tn Tm Tran Tc
re pec e . urngeachcacua on e oa Tn (Ir+K P) (Tc+K P)
ze o he npu eaureboc Tm Tn K K egh an hen perorm a
con ou oncacua on oobananoupu eaureboc o zeTm Tr Tec.

Once hecompu a on compee e rea, he npu eaure an egh or
hene boc an con nue he compu a onun hecon ou on compe e.
ho n n he Fg. e ore he nerme aeoupu o each opera on on

a ea ure buffer n on-chpmemor . Th ae a o o meb rea ng he aa
rec rom he on-ch p each meane con ou oncacua on perorme

The compu a on o he con ou ona a er ha o amu -aer oop

ne e h ch mean ha he compua ono hecon ou on er o .The

PIP LIN comman hch efine he oop o be enarge an norm he






ig 4 Quaiaiv c m aris f diff r imag dhaigm hds h SOTS
da as

C mp re wth ther Tr dt n Meth ds or hee aua on aae
a eep earnng bae me ho are mo rane on he R SI aae

her per ormanceon h aae be er hanoher aae .For he aeo
arne hen comparng h ra ona me ho eempo FRI 2[24] -
H Z[2]O0H Z [26] I'H Z [27] an  en e-Haze[28]. oreo er eemp o

ean Square rror ( S an Srucura Sm ar (SSI 0 u -re erence
cr era oquan a e a e he ehazng per ormance. Thereu o h
epermen e e on hefie aae men one pre ou an compare h
con en ona FPG -bae ehazng me ho ho e propoe b Hee a.[4]
Zhue a.[6] Bermane a.[|] an Choe a.2] areg en n he Tabe 2.
The ra ona me ho canno effec e han e he regon ea ng o her
poor per ormance on FRI 2. On he con rar our approach ran fir n he
oera SSI eaua on hch heprmar n caor or beege onfie
a abae rom fferen con on.






Table Abai s udy SOTS da as

h-Wis C v ui v v
Ga d wusi v v
CAU v v
SNR 93 4.4 343 644 7.6
ar. (i) 18 .15 .139 .1336 .1 97

Table4 C v ui a Acc ra rRsurc uiiai

R s urc S 48E|BRA 18 | LUT

Us d 13 161 6 8 3|5893
Avai ab 9 1 1719 [3438
Uiiai 3 16 35 17

con ump on o he GPU an CPU came rom he u er manua . From he Tab e
can be concu e ha our me ho u abe ore gepa orm h o
po er con ump on an € Te Ource .

Table Cmaris wih hr af rms.

afrm GU |CU GA
vic Ti a i7-87 C7Z 35
w r(Wa ) 5 85 4.
rf rma ¢ ( S) 394 1.5 8.3
E rgy flici cy( S/W)| 1.57 .17 1.97

Co clus o

In h reearch epro ea gh egh FPG -bae eep earnng-bae ap-
proach or mage ehazng. CNNne or bae on eph- e eparabe con-
ou on an channe a en on o m hene or ze ugge e nor er
o o er he oragean compu ngrequremen .Then u ngour ugge e ac-
ceerae e gn raeg e epo heen reagor hmona o -co cu om
FPG e eopmen boar rom X n Inc. There ore our me ho anun er a
ou on o mage ehazngon FPG

Ac o le gme ts
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