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MANIFOLD CRITERION GUIDED TRANSFER LEARNING

2

rMC-Based Local Generative LGDM(Dgr,Dr) = ) Wiy ll@ (zhy) — ¢ (22l
pP,q

IDiscrepancy Metric

I
| ,

1 =Tr(p(Xer)D(p(Xer) ")
I +Tr(p(Xr)D(p(X1)")

v —2Tr(o(XaT)W (o(X1)T
LGDM(Der, Dr) = 3 Wi [l (2th) — o (2) 2 r(e(Xer)W(p(XT)")

= Tr(p(Xar)D(e(Xer) ")

+ Tr(p(Xr)D(p(Xr)T) PT = dTp(X)T

—2T7r(p(XaT)W (p(XT)T) P(Xer) = P(Xs5)2 min 1 TT((I)TKSZD(@TKSZ)T)
K = o(X)"p(X) 2.2 (ng)”

Ks= oX)Tp(Xs)

|
| i Kr — o(X) o(X7) + ()’ Tr(®"'K;D(®'Kr)")
nr
)1, ifely € NNi(2f)ore] € NNi(xfr)
Wrq = {0, otIfeTrwise o — 2 QTT((I’TKSZW((I’TKT)T).
(nr)
Dy = Z Wop=1,..., nr.  a diagonal matrix
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MANIFOLD CRITERION GUIDED TRANSFER LEARNING

rMC-Based Local Generative | [Global Generative |
IDiscrepancy Metric Jl IDiscrepanc:y Metric Loss Jl
I 1 T T _T I - o ]
min ;ITr(@ KgZD(@ KgZ)™)
Pz (nT)
1
—~ ;Tr(@"KrD(3"Kr)"h)
(n2) min - #7(Ks2 - Kp)1[?
- ;Tr(@TKsZW (3 Kp)").
(nr)
I | |
W — {1, ifzl, € NNp(2])orz], € NNi(x0r)
" 0, otherwise where 1 represents a full one column vector.
D,, = Z Woe,p=1,..., nr.
I . Jd —_— -

CODM(Dor, D) = 13 (o (Xi) — 0 (X5))

s
Ph=2Tp(X)"
p(Xar) = p(X5)Z

1 & < . 2
GGDM(Dgr, Dr) = - > PHe(Xr) - o(X7)
i=1

_ anHPT(SO(XS)Z — p(X1))1f3

K = ¢(X)"p(X)
Ks= ¢oX)Tp(Xs)
Ky = o(X)"(X7)

1
min —|[|&"(Ks2Z — Kr)1[[;
®.Z nr




MANIFOLD CRITERION GUIDED TRANSFER LEARNING

rMC-Based Local Generative

[Global Generative

[

LLRC for Domain Correlation

I I I
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o . oo o 1 I
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Optimization
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Optimization

Algorithm 1 Proposed MCTL

Input: Xg € R™*"S, X7 € R™"T 1, 14
Procedure:
1. Compute K7 = ¢(X) 9(X7), K5 = 0(X) 9 (X5),
K=0pX) 9(X), X =[Xs, X71]
2.Initialize: J=2Z=0
3. While not converge do
3.1 Stepl: Fix J and Z, and update ® by solving
eigenvalue decomposition problem (9).
3.2 Step2: Fix @, and update Z using [ALM:
3.2.1. Fix Z and update J by using the singular

value
thresholding (SVT) [53] operator on problem (11).
3.2.2. Fix J and update Z according to gradient
descent operator, i.e. Equation (13).
3.3 Update the multiplier R:
Ri=Ri+uZ2-7)
3.4 Update the parameter u:
u =min(u x 1.01, max,,)
3.5 Check convergence
end while
QOutput: ® and Z.

r

Update

Update

Update

¢

J

Z

|
|
|
: nr)
|
|
|

~(KsZDZ"(Ks)" + KrD(Kr)" — KsZW(Kr)"

T

(KsZ1Z2T(Ks)T

—KrWZTK)D) k(i) + )

—KsZ1(Kr)" — Kr1Z2T(Ks)" + K7 1(Kr) D0k
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SIMPLIFIED VERSION OF MCTL

— — ——
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: o (K212 (Ks) )iy s
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I
I
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After Projection: X'T

Before Projection: X,

I
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_ T 2 r |

I

I (11)
Fig. 3. Difference between MCTL (left) and MCTL-S (right). In MCTL,

there is an error between the true target domain D and the generative target - - - |
domain Dgt. In MCTL-S, Dgr is supposed to be coincided with the true rr-———"""""""""=""="—"="—"="—"—""—= -
target domain D7. U d |
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D
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RECOGNITION ACCURACY (%) OF DIFFERENT DA IN 4DA SETTING
. LTSL LTSL
4DA Tasks | Naive Comb | HFA [I5] | ARC-t [9] | MMDT [33] | SGF [35] | GFK [34] | SA [60] PCA [40] LDA [40]1 | LSDT [41] | MCTL
A—D 55.9 52.7 50.2 56.7 46.9 50.9 55.1 50.4 59.1 52.9 56.1
C—D 55.8 51.9 50.6 56.5 50.2 55.0 56.6 49.5 59.6 56.0 57.3
W — D 55.1 b51.7 71.3 67.0 78.6 75.0 82.3 82.6 82.6 75.7 73.4
A—=C 32.0 31.1 37.0 36.4 37.5 39.6 38.4 41.5 39.8 42.2 43.0
W —C 30.4 29.4 31.9 32.2 32.9 32.8 34.1 36.7 38.5 36.9 37.5
D—C 3L.7 31.0 33.5 34.1 32.9 33.9 35.8 36.2 36.7 37.6 37.8
D— A 45.7 45.8 42.5 46.9 44.9 46.2 45.8 45.7 47.4 46.6 47.0
W —= A 45.6 45.9 43.4 47.7 43.0 416.2 44.8 41.9 47.8 46.6 48.8
C— A 45.3 45.5 44.1 49.4 42.0 46.1 45.3 49.3 50.4 47.7 42.8
C - W 60.3 60.5 55.9 63.8 54.2 57.0 60.7 50.4 59.5 57.6 59.6
D—W 62.1 62.1 78.3 74.1 78.6 80.2 84.8 81.0 78.3 83.1 82.1
A— W 62.4 61.8 55.7 64.6 54.2 56.9 60.3 52.3 59.5 57.2 55.7
Average 48.5 47.4 49.5 52.5 49.7 51.6 53.7 51.5 54.9 53.3 54.0

SEHIEIEE: MCTL: 54.0%
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. 4DPILCNNI Talsksl

100 T T —— .
ADA-CNN#iEEE |
% 80 | :
4SIEH=REN
ADA ) ADA-CNN 5 7 -
K
60 |
Egﬁ#% o BN A lcxNet I DDC [ DAN [ IRTN [ IMCTL
=\l . 50

/‘O/o/”'g /*C ﬂo,ﬂc’f?',ﬂ?»»b < ol
RECOGNITION ACCURACY (%) OF DIFFERENT DA OF THE SEVENTH LAYER IN 4DACNN SETTING TR RTRTOTOTR T T T o e
4DA-CNN Tasks(f7) | SourceOnly | Naive Comb | SGF [35] TCA GFK [34] LTSL [40] | LSDT [41] MCTL l
A— D 81.3 94.1 92.0 82.8 94.3 94.5 96.0 95.9
C =D 77.6 92.8 92.4 87.9 91.9 93.5 94.6 94.8
W — D 96.2 98.9 97.6 | 99.4 98.5 98.8 99.3 53 T— | Shallow VS deep
A—C 79.3 83.4 77.4 81.2 79.1 85.4 87.0 87.1
W — C 68.1 81.2 76.8 7H.5 76.1 82.6 84.2 84.7
D —C 74.3 82.7 78.2 79.6 77.5 84.8 86.2 86.4
D— A 81.8 90.9 88.0 90.4 90.1 91.9 92.5 92.7
W — A 73.4 90.6 86.8 85.6 85.6 91.0 91.7 92.1
C— A 86.5 90.3 89.3 92.1 88.4 90.9 92.5 92.7
C—-W 67.8 90.6 87.8 88.1 86.4 90.8 93.5 93.1
D — W 95.1 98.0 95.7 96.9 96.5 97.8 98.3 98.5
A— W 71.6 91.1 88.1 84.4 88.6 91.5 92.9 92.8
Average 79.4 90.4 87.5 87.0 87.8 91.1 92.4 92.5
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COIL-20EEEE
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SEIGg, KIN9128x128, IREH256%%
LINRE: BEKEBRX/NHFEH32x32, FRERE

££439C1, 2N T :
| C1: [0°, 85°], [180°, 265 [CL%E);KEJ |
C2: [90°, 175°], [2_70°, 355°] — _!

RECOGNITION ACCURACY (%) OF DIFFERENT DA METHODS ON COIL-20

sl °

*g‘-‘lgﬁ% ° Tasks SVM TSL | RDALR [62] | DTSL [43] | LTSL [40] | LSDT [41] | MCTL
Cl—C2 82.7 80.0 80.7 84.6 75.4 81.7 84.8
c2—C1 84.0 75.6 78.8 84.2 72.2 81.5 83.7
Average 83.3 77.8 79.7 84.4 73.8 81.6 84.3
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{ HUESHE 1 MSRC,VOC2007HFB /S M™MEN
—— [voczom % K, BiTE, B, "
JVEQ o

’ &, F

| SCBERE:
RECOGNITION ACCURACY (%) OF DIFFERENT DA METHODS ON MSRC AND VOC 2007 DATA SETS kv .

Tasks SVM | TSL | RDALR [62] | DTSL [43] | LTSL [40] | LSDT [41] | MCTL
M=~V | 371 | 324 37.5 38.0 38.0 47.4 47.4
V — M | 55.5 | 43.2 62.3 56.4 67.1 63.9 64.8
Average | 46.3 | 37.8 19.9 472 52.6 55.6 56.1
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CMU Multi-PIEAJSEREE

%%*QTEEEPﬁ%O%mT%{iWWIMﬂ%w NES[ETR: I31§i‘x, |
1R T STRIS2RNMEEEE, S1ARMREB FTHEREE LKARZE
BWEIR, S25S1HEI, FEKEERB FTHARZEREIE.
SLIQIRE: S1: S:O0°IEmAE T:60°K ; S25S14HE
S1+S2: S: O°1IEMEAEx2 T :60°8E x2
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XX ZEH AR5

RECOGNITION ACCURACY (%) OF DIFFERENT DA METHODS ON FACE RECOGNITION ACROSS POSES

Tasks Naive Comb | A-SVM | SGF [35] | GFK [34] | SA [60] | LTSL [40] | LSDT [41] | MCTL
ST (0° — 60°) 61.0 57.0 53.7 61.0 51.3 56.0 59.7 65.3
S2 (0° — 60°) 62.7 62.7 55.0 58.7 62.7 62.7 63.3 70.0
ST+ 52 (0° — 60°) 60.2 60.1 53.8 56.3 61.7 60.2 61.7 68.3
ST — S2 93.6 94.3 92.5 96.7 98.3 97.2 95.8 98.7
Average 69.4 68.5 63.8 67.0 68.5 70.3 70.1 75.6
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MINST:7/55K28x28 &5
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RECOGNITION ACCURACY (%) OF DIFFERENT DA ON HANDWRITTEN DIGITS RECOGNITION
Tasks Naive Comb | A-SVM | SGF [35] | GFK [34] | SA [60] | LTSL [40] | LSDT [41] | MCTL

M — U 78.8 78.3 79.2 82.6 78.8 83.2 79.3 87.8
S—=U 83.6 76.8 77.5 82.7 82.5 83.6 84.7 84.8
M — S 51.9 70.5 51.6 70.5 74.4 72.8 69.1 74.0
U— S 65.3 74.5 70.9 76.7 74.6 65.3 67.4 83.0
U— M T1.7 73.2 71.1 74.9 72.9 T1.7 70.5 81.2
S— M 67.6 69.3 66.9 74.5 72.9 67.6 70.0 74.0
Average 69.8 73.8 69.5 77.0 76.0 74.0 73.5 80.8
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AVERAGE PERFORMANCE OF ALL TRANSFER TASKS

All Transfer Tasks

LTSL [40]

LSDT [41]

MCTL

Average (%)
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73.88
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MCTL-S

Xer = Xr
Bl —— Ll saTRmEen, AERLRRL

MGGDMBTFEELRBER, TILABEGR#ME
SLORLERIIEL -

VAR

- oo | o C1 > C2 | 8483 | 85.00

W = D 99:25 99:29 cC2—C1 83.67 83.67

A5 0 3711 37.05 Average 84.25 84.34

W —=C 84.73 84.74

D—C 86.37 86.34

D — A 92.66 92.65

W —= A 92.06 92.07

C— A 92.68 92.06 \ VAN o
oW 9508 0500 MCTLSMCTL-SER1RIUIERE
D — W 98.49 98.51

A—- W 92.79 92.83

Average 92.47 92.47




SHRES

NEREFON EE ST
NHF=EEELd=n
(EHEETZREL

k(xi, x;) = exp(= ||x; = x; ||2/202)

H=L Ve g
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IME&E A,
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SCIhe E

| iHRRDHTSESE.

ECOIL- 20173 FSS, FEEHFIRBIES
FOMSRC-VOC2007 i BIEIRBNES biftfT
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iH B 53

RESULTS OF ABLATION ANALYSIS

Tasks MCTL no LGDM | no LRC no GGDM
Cl— (C2 77.0 73.0 76.7 76.8
M—=U 71.0 70.0 67.0 73.0
V- M 70.2 70.1 70.1 70.3
Average T2.7 71.0 71.2 73.4
LGDMEZEEES
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iIHESRE:
8%1: updateJ, update Z, update w
Jr§EI=7 MR fRFIRERES
update J, update ZRNEZENHNO (n?)
IIEUREAT, WSt

=V=Eni;

FH&=Z7NI>2

GERNEZREAO (nd)

ZE=0 (tn3) + O (tn?)

COMPUTATIONAL TIME ANALYSIS AND RECOGNITION ACCURACY (%)

ITESEZXEMAEE DR

Tasks

SGF [35]

GFK [34]

SA [60]

LTSL [40]

MCTL

S1 — §2

10.9s (92.5%)

1.55 (96.7%)

4.18s (98.3%)

7.21s (97.2%)

7.625 (97.3%)

MU

75s (79.2%)

12.25 (82.6%)

30.5s (78.8%)

62.1s (83.2%)

98.8s (87.8%)
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