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Automatic Document Image Classification

combining and exploiting

 Visual + textual features (multimodal input sources)
» Lightweight deep Neural Networks (e.g. MobileNetV2, ResNet50)
« Network adaptation by Side-Tuning (Zhang et al., 2020)



400 000 images from 16 categories

form

emaill

filefolder

RJR

2078771643

SeoLb0 DONAY

handwritten

Invoice

RVL-CDIP document image dataset

advertisement

AUTHORZATION S OWST

P . Reynoids Tobacco Company I

1 A ( i « £ ,
g == Interoffice Memo = — T —‘—f'—_q!n— D Summsry o4 ordsge wtba Apll Dote
NE— -
APTL Thane Prometion Contract Ammendnent - . L. Sharp PO 13 ) sun #H can £ s b aornn -
T - S — APTRTY AL LT AN Y - . B - A
Shderts  Specificatlon Chnges Satar Apei) 29, i1 Unebigs ol 18 #oy e P ige & prre Prelt e lef‘/
v e LTy X wer py rore  wC i
y £ v
Tor ML G Fremi R, £ Sells bede wt (1) “w ety ’ i W %5 e -y - wN $4ge0s0 Camel cigarettes are
l ‘ LMo Y i i e s Dty M, USA " RS, ;r.ti‘(in..h mlld‘;.lrlirl
' "2 2 T H wor is wenderfu
The Tollowing spet I FIation chanpes ware sade 1o Mareh, 199) { Gan Gmmne — W0 Ul gy Gamh Sume Bae st
| Planilaiaeisacin
CAMARLIEL A LI 1 i Cowntinate affarte m Sehald of A1 o R o e e Ate e e e Aporial Mtemse Pooert e e
i ve } QAN 6em supun . wts #he e AR Aune B Mull e Sber Pakign b e Wy -
Qate boast Puaitlstien ! ”~ ;
L L L e Ty v Losr S0 e N 246 v/ \
v bl ed Changed gt paper 10 duphate Inventory of 004 ' aabege - - Phan’'oey FoV Toral B e i
SALIN 100 Test M Uhen changed Btk 10 408 after win o of 004 —— — - abe Nt (o) 0 taw 7] o (,’h‘
LRIV AT TY SIS prs—re—r—
AL » ML e sape) ber 18 “ 15, . "y Poopihh 'y ~ 1rds , A e avide a
gt 10 000 (11,5 wide), Lhes 4s } Some L1 - e —— Pl 3 /»-
i) U T — - » ([T A faade Low oy y
A\ SALEN S0 1L e (Nanged .-’l Pper b PRE 1t tery CARTAL e "m R - AN
Vhae o W) w v A Mian T Rrwind ARAAML sl ] oddegs wi 10 med , SEE Aaciin g
Vit AWML 8 - “ o " .
ANTAGL ¥ :m ! ::‘u Pt MM e | ) ! J AT AT AT O - ‘:“""* . 2 o4t 7 ‘do ™ ofia FOR Appry
( |+ e etates o —
SALDR (1 100/3AL (% e | e — ¢ ( v é T
AL MR 100/ v ek -~ i f v oo Nhate? (1) 0 send o
SALE Shim 01 10 ‘ O ————— Tornks oy BL e
VLML e Cronted Chparntie spacs for hne redeition | ) Gemnmase ¢ o o oN T
Vive WINATON LY WY Crantad cigaratin ot 110000 spas foe » - ) ::::— ' " '
L Conf brmat 1he Tosts - —
"L Crantod chgaratle ond T1100r 1oact « saw brand H - .::' T'\';"/ » hibags ot e el
- TR /
CONTRY (4 Chanped 111007 Low + Row ooniel 1001108 progren I S g O O & oy v sov e - ——
vien SN 100 Cravtad cigaratie space for Tramaition Tast | ) [T S W— APATY AL 1D geane boten benen of Aoperad Apgrevend Mbes wt (0 » 1+ |
it egroend dlens Pt = rﬁ-, [l ey (v . Py " s -1 | Code apinal aboepsy
NI 00 Crasted cogarette and Filter spacs for | Sam. or |} me I‘J‘x L ."] )” v ’ : ¥
Prantition st - widdheground blend - | — : wA Wy g Ty
g { T - iy )
VANTAGL 88 *ite paper buppl ler % | ey J R | A -
- e ———— : S—— Y Gy e oo 7 e
SALEN (b 10/ WILe spech « Ingraved proadect . ~ - ~1 - e ‘_:‘ ‘ $ lh :: v (M / )1~.
SALE™ Lt 100 Tt Wt 4 v iy ' v ¥y 2. /P2 2 VO PRONTY COGANILATION DODRCATED 7O PNE DOsCVRMON OF }
: ' - .
- e e \
— p——— - p— 1 | | ;
budget news article presentation blicati ti | t ificati
— T — —— T
C C < | ' [/ .
i . o nemats ™
; e et 3 s Do 0 46 300 / —
RAD 1994 MANPOWER ALLOCATION BY ACTIVITY . Ff relan f l ) aldrich chemical co.
e — arave CAIPM Mt Asalysl Speeoh (P A - i* The Effects of Cigarette Smoking on - " etrter 6. Welt an l 04 w18 Svenuivn S -
o RS —— . [ the Human Placenta: a Light and Electron — — Ty (R - ) :
ey *u & Microscopic § / 28 s
- Wheat First Butoher Singer ~Jack Maxwell Presentation ’ '. oscopic Study SR e ARAITAL FEANUS: Marvied) 1 oM Bdres 2 s a4 '
" " - ~ . G B 3 U . s 8 .
, ring Center, Richmond - May 13,1997 ., E S— —— — Be. (1990 9.h i o ;
- e
X H F. VAN DER VEEN & It FOX o || s b G R4 1 f43 9% 2 H
——7 s— F./C Oversteps Authority Spoeaker: Jim Morgan, President & CEO, Philip Morris . { [y L —— Qv || D [ F £
B ) ; » UsA - 1 et Butieg, et St Semiene Sy W21, 08 ::‘:_(_._._ [ e—— d s aa BB .
| — In Zeal to Guard«« Whom! . s | 8 d 4 44 o ]
R LTIV TR T ST T ———— e meh 2ok Thadl. Sesmit B B o WTRoOUCTIN — Careor Wasasreh ko (s the Bopursaest of Niarsislons 1 $ 4
PP - i - & Tople: Sound State of Business & Sources of Growth - ° % Vo dhoiee s of dguoese saibing dvrng ol & - MRS Hiumiety VR0 Pty @ S AR
" ) e L Ly S———— )
L P — ' ' VI2 JUM . PRy e - O o i : !
. : Anere Awarded Paited Bares PALL X :
] y : D g vinsipety vt 0 suighs sl gres harasrinio o i s s o Tol lowhiy AP (wan & - '
[RapoRrap—— 100 ety e ey of s ot St 4 .
- ol . N } roanen od
o ( . ! RRCRLETIR Y NAME "
e e 156 - ’ (Crest) 00C - 1 . LU |
....:.._ == - ! ) . : - M Thnnk yOU, D'nny' nnd G 1 - | AN 1O SPIAK 10 A FEMALE IN THE SOUSENIOLD Wieo I8 158 YEARS b '! waeidn .
- i oming: ' B ey : } .
e " il b \ 0 . B MATERALS AND METHOOS rap— o 1 o e tng 4 ey pea— ¢
" ey st s g it o wen, and we sl vy sk Mo @ b hale yow Ve = o |
‘ ' L T U — -t o s w4 o rvnbond ba e bl of by e o M al Blovhe v | LI :
¢ \ 2 B o ki s s ki e oAb, 1 P o st , Mapal Perth Bespdial, g dn i
H o : ) I'd like to welcome you all to our B i i o sotig ki o i by et g f e s 0 o B :
3 » ‘ - - m— o b — L . —— e b 0 NIATREGts ]
- ! } A r s manufacturing facility here in Richmond. gyl smeking Sutng €5 fowee of S prepuney v St M then o otors Anstrells ‘ . :
i
[—— omm— : ; g - - of ceu S 1T o088 TIA 0
: ) And, We are excited to have this . o 1 f4# i b E': bty
' VAR FHRPIE ARA RN = i 3 VIIhI (ke Dupas caen ‘ ' 1 i g [ ¢ GO e R A 1o
et =2 g opportunity to speak to you about PM : g ’ " Seder 5 too U | - RN > T
=g ' ‘ g USA’s business. f 2 N 5, R ,'f (1 ; i {3
. ¢ 'Y = L L T - ~
::E 5 . . { N ; * (8) Lectering 18 48 bessrary capaciiy in the Depertmset of r+ P LEREIE A it i E
- . Anabyele oslght, fc. Ricreblolegy shaee 912 T 1! Yo diid LI
L % ! Sontisynte OEA ity - a ARSIGTHOL ) Sepervisien of PD. and Benmrs Slabents - —L~‘-‘ - " - e 2
— - | — s
o S—— ! ; & . et s
P -
rasem - - \ r’_“—---« z
I - = z = T =T &
: — b % b 3 < -
- - =
P — . LB s 4 ae S, wAw PePA # SABIE T " e e 2ol

Image from cs.cmu.edu/~aharley/rvl-cdip.

3


http://cs.cmu.edu/~aharley/rvl-cdip

e THE NICOTIMNE'S WHAT MAKES "E! SHOKE!

-

By W. K, Collins

An inwdepth look at the primary ingredient that :
affeccs your business.

The stimulation from nicotine in tobacco is the main reason that 60 million Americans smoke

Numerous other chemicals are present in tobacce smoke, and it 1is the interrelationship of a
these constituents that provides the total pledsure derived fronm smoking. But nicotine is

component which provides the physioclogical stimulation that makes a personr a compulsive
smoker,

N0 MOMTHLY HICELICHTS FOR SEPTEMBER, 1979

Fortunately, the Surgeon General's Leport on tobacco and health gave nicotine a elean bili
of health, '

Tubacco manufacturers regulate the level of nicotine in their products very closely. Costs
of tobacco going into a product and nicotine level of the final product receive top attenti
as cigarettes are rmade. OQOver a period of time the percentzge of nicotine in products nay
vary, but abrupt changes are avoided. Usually it takes a 15% to 20% change for a signifi~

cant part of the public to detect it. Nevertheless, it's taboo within tha industry to make
unnecessary changes. '

The nicotine level in most best selling cigarettes is currently somewhere between 1.5Z and 2%.
Some cigarettes are available with much less nicotine, with 28% of the market in 1977

congidered low nicotine. -"High-nicotine cigarettes also fail to attract and keep many smokers. __ I T CRp N RS B e B £ S Oy 7
The lack of nicotine in so~called no-nicotine cigarettes has surely played 2 major role in o B R R ':3% ¥ ?T:}*35 RATE G p e TR 0 AR TR %”-};..7 '*J:*lﬁisfﬁgﬁaﬁé%zagégi :
the downfall of these products. SRR A o T RS N ' A : PR LT Y PR e B AT “ga.F' R

There's a definite correlation betwee nxatine in tobacco and its aroma or 53 kg S *f"'ﬁ.#;'('ﬁ NLkras T SR, j-f}bV;g }il" 5 '}Qﬁii:il“ix:hﬂf;ff SRS
pleasing qualities during combustion. tobaccos usually are weak flavored. ; ; ; ’ oy %e Y ; HZ & AL T
High-nicotine tobaccos are too scrong Report riczn smokers, When our forefathers caaz
to this country they found the Indians smoking hignh-nicetine (about 10%) tobaccos. The
tobaccos were simply too strong fer our people.

"Blending™ is the main method used by manufacturers to regulate the desired nicotine level
in tobacco products, The basic blend of our cigarettes is composed of four classes of
tobacco, eacn of which has distinet preperties. In 1976 the average percentage of each
class of tobzcco used ip zigarertes was: flue-cured, 46%, Burley, 34%; Macryland, ,2%;
and imported, 18%, '

Nicotine contributed by the flue-cured portion of the blrad is controlled by using tobacco ’aj IL“VINHKhiS-UU|nucgt”y<upuqh”ugn<nnr”nJRTJ\\“”ygum.w,vf;LLh“fL
grown in different years, from diffcrent producticon areas of the Belt, and from different 3 ; i e Ln”ﬁ.hvﬁ-“,J\- FIUTCITENTIN I 0N I -~zh.lwnr.~thwETqu-
stalk positicns, WNicotine content of tobacco growvn in differcnt yecars and productioa arcas Y wraviilic craltod et Vel e iy
varies considerably. It's mainly related to rainfall. ol © b Slosteapersee 1

Most of the 60 species of tobacco are very low in nicotine, (We'll define a species as a e FloLimars, Costlicr of course.
group of freelv interbreedinp plaunts.) MNicotine can be artificially produced, but to date 3.3,

this process has been cost prohibitive fer commercial use. Lowever, efforts by privet : | . | -
companies are currently underway to make synthetic cipgarettes with nicotine added. Ao . Wainms : The Surgean Gzrons' Has Deternined ) -

‘) u.o.," v 1 .... .' v T
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Buying patterns of companies are influenced by the levels of nicotine of tobacco im
inventory as well as of what is beinp purchased. But as leaf inventories held by companics
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Numerous other chemicals are present in tobacco suoke, and it ds the interrelationship ¢
these constituents that provides the total pleasure derived from smoking. But nicotine is
comEonent which provides the physiological stimulation that makes a person a compuls
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a?ﬁen?ﬁely, the Surgeon General's report on tobacco and health gave nicotine a clean bi
of health,

Tobacco manufacturers regulate the level of nicotine in their products very closely. Cost:
of tobacce going into a Product and nicotine level of the final product receive top attenti
as cigarettes are made. Over a period af time the percentage of nicotine in Products may
Ivary, but abrupt changes are avoided, Usually it takes a 15% to 20% change for a signifi~
cant part of the public ta detect it. Nevertheless, it's taboo within the industry to make
unnecessary changes.The nicotine level in most best selling cigarettes is currently some
Some cigarettes are available with much less nicotine, with 28% of the market in 1977
considered low nicotine. ligh-nicotine cigarettes also fail te attract and keep many smok
The lack of nicotine in so-called no-nicotine cigarettes has surely played a major role in
the downfall of these products.

There's a definite correlation betwe | of n&atine in tobacco and its aroma or
Pleasing qualities during combustifaici &L81&% otine tobaccos usually are weak flavored,
Migh-nicotine tobaccos are too strong for most American smokers. When our forefather:
to this country they found the Indians smoking high=nicotine (about 10%?\tobaccos, The
tobaccos vere simply too strong for our people.’Blending is the main method used by mz
in tobacco products, The basic blend of our cigarettes is composed of four classes of
tebacco, each of which has distinct properties. In 1976 the average percentage of each
class of tobacco used in cigarettes was: flue-cured, 46%, Burley, 347; Maryland, .22;
and imported, 18%. :

Nicotine contributed by the flue-cured portion of the blrad is controlled by using tobacco
grown in different years, fron different production areas of the Belt, and from different
Stalk positions, Nicotine content of tobacco grown in differcnt years and production areq
vaties considerably, It's mainly related to rainfall.

Most of the 60 species of tobacco are very low in nicotine, (We'll define a species as a
group of freely interbreeding plants.) Nicotine can be artificially produced, but ta date
this process has been cost prohibitive fer commercial use. Kovever, efforts by private
companies are currently underway to make synthetic cigarettes with nicotine added,Buy
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Network Adaptation via Additive Side Network
sidetuning.berkeley.edu (Zhang et al., 2020)
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http://sidetuning.berkeley.edu

Multimodal Side-Tuning
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Alpha Curriculum

Side-Tuning to explore Document Classification models
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Prediction performance improvement

sample of per-class accuracy achieved on Tobacco3482 dataset

CNN for text classification from scratch

Image fine-tuning with MobileNetV2
Multimodal fine-tuning (Audebert et al., 2020)

Image side-tuning with MobileNetV2

Multimodal side-tuning with MobileNetV?2

g

Multimodal side-tuning with ResNet50
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Lightweight architecture

Overall Accuracy on RVL-CDIP dataset w.r.t. #Parameters

100%
93,6% . o
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90% ' _
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138M
80%
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12M
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L] CNNs (Harley et al., 2015)

| Multimodal fine-tuning (Audebert et al., 2020)
| AlexNet + SPP (Tensmeyer and Martinez, 2017)
| VGG16 (Afzal et al., 2017)

| VGG16 + ULMFit (Jain and Wigington, 2019)
B Multimodal side-tuning with MobileNetV?2

B Multimodal side-tuning with ResNet50




Grazie!

szingaro.github.io/multimodal-side-tunin



http://szingaro.github.io/multimodal-side-tuning

