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GLM with SS regression

Improve signal quality
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Eliminate confounding noise

Systemic physiology and motion-induced artifacts represent two
major sources of confounding noise in functional near infrared
spectroscopy (fNIRS) that can inflate false positive rates (i.e., type |
errors) of detecting evoked hemodynamic responses.

HRF

regressors

stimuli &, polynomial

by(t) L T(t) drift,
o GLM deconvolution model
Signals
observed NIRS signals fNIRS
LS Y/ Vn
GLM
38 B Physiol. noi 1
ysiol. noise regressors
Y =GB iE Evoked

hemodyn.
response

Junctional
Vn
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"4 Homer3 (v1.31.2, R2018b) - DACloudStatiom\fNIRS_Lu\2021NTNU_fNIRSworkshop\2021-03-04,2021-02-04\ChouTest

File Tools View Settings Q l I l l l ° I I I I ll
[ ]

Current Processing Element
2021-03-04_003._snirf

1 files loaded successfully
0 files failed to load

2021/3/6

Processing Level

() Group

() Subj

{® Run

- 0 X
19
5 11
3 15 13
1
39 25
9
17
5 11
? 1 9 13 23
27
20
16
6 2 16 14 12 10
30
26
1§
2 7
6 W 42
28 10
24

il — _/JA‘U
0.04 -
0.03
™
A na s Y- Aﬁ
0-02 1 1 1 | |
0 20 40 60 80 100 120 140 160 180
Time (s)

Edit Options Apply to all
Plot Type Select
o S "e0 -
-1 v
(oD
() Cone ] Aux

acceleromet...
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Exclude data

Show Excluded Manual
[ ] Show Excluded Auto

[ ] Show Excluded by Channel

[ ] Edit Excluded Time
[ ] Edit Excluded Stims

Include all |

Data Plot Window Probe Plot Window

Pan Left/Right

<]

Pan Displav

Reset Viewl 5 LI 8
o

[]Fix X-range
0400 Zoom In | Zoom Outl
[ ]Fix Y-range
29 Reset Viewl




kshop\2021-03-04\2021-03-04\ChouTest

15

Add

Delete

Up

Down

Load

Save

Exit

Current Processing Stream

hmiR_PruneChannels
hmiR_Intensity20D
hmiR_BandpassFilt
hmR_ODZCanc

hoyR MotionCorrectthes

: Prune_Channels
: Intensity_to_Delta_0D
: Bandpass_Filter Opticallensity

: Delta_0D_to_Conc

bt Wodipn Correction

hmtR_GLM_new

: GLM_HEF Drift 55 Concentration

Clear All

iR _GLM(data, stim, probe, mlictinto, fanx, tlnchuto, trange, rcMap, glmSolwveMethod, idxBasis, paramsBasis, rhe

ral basis
- rfarm

= function (HRF)

Apply general linear model (GLM) to
~= estimate hemodynamic response

O > Yy ProcStreamOptionsGUI: (1.31.2) - D\CloudStation\fNIRS_Lu\202 TNTNU_fNIRS... — O pid
ﬁ &
alysis
hmrR_PruneChannels dRange 1e-02 1e+00
o SNRthresh p
SDrange 0.0 45.0
hmrR_Intensity20D
hmrR_BandpassFilt: Bandpass_Filter_OpticalDensity hpf 0.010
Ipf 0.030
y hmrR_OD2Conc ppf 1.01.01.0
I hmrR_MotionCorrectChsi turnon 0
hmrR_GLM_new trange -2.015.0
glmSolveMethod 1
idxBasis 2
paramsBasis 013.01.83.0
rheSD_ssThresh 15.0
& flagNuisanceRMethod 1
2 driftOrder 3
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{4 PlotProbeGUI: 2021-03-04_002.snirf — O X

File Tools

KT, HRF estimated by GLM with regression BA

| 2021-03-04_003, condition: "1’ Of Short Separation ChannEIS

roimage Biomarker Analysis

D3 i g1 +515g0— D13 7 ¥

r— S8
W_ 513 1V D11 " b23

D27

20 "9 e ""_
D8 Q_ g N -m;_ ‘@:6 Eu;n 1o %;4 7 _s2 [/ bweo
n —_— R %_ n n_ v_nzs o

D18
D22 D2 D7
— DE ™ S4 l&— ...... $14 1o D12
S8 D28 S10
D24

Control Panel

Scaling Time Marks
() Show std
|:| ¥ + Interval : 10.0 seconds
3.08.0 Export Plot
I:l X II' | Amplitude : |I| (micro-molars)
(@ Show Time Markers ‘ EXIT
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4\ PlotProbeGUI: 2021-03-04_003.snirf

File Tools

- (| X

CIR¥]

| 2021-03-04_003, condition: '1"

HRF estimated by GLM without BA

regression of short separation channels

v NV J&‘

D11 4%_ 9

pe [V .;...ﬁ'.'gi?_ D23
v e o A
w - — D14 T s12 T D10
D30

W—DZB
|1 S = _ﬂ_ k l G = ]V_
D23 V‘r&
~r s4 IO D2 D7 T . S14
.% NP D6 D28 |v D12
D24
Control Panel
Scaling Time Marks O sh g
ow st
|:| Y + Interval : seconds
| 3.08.0 — : ars) Export Plot
plitude : |I| micro-molars
-] x [+ ]
@ Show Time Markers | EXIT
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stimuli §, b(t) / T(t) polynomial drift,

HRF regressors ﬂ: l ' N A
General linear model (GLM) /V'

\ \ \
observed NIRS signals) fNIRS
: Y/ GLM
’ : Ss l —>
I ! Y y l)
Evoked | dyn.
: S X, Physiol. noise Y=GB+E T ‘e"}ﬁnl,'}ona,
' or > response ¥,
: auxiliary : I regressors n
I
- signals___, ICCARE ___in)
L T N
I et Will be included in Homers3.
PPG -~ :
| Y
REE -_: temporal CCA _S;y_=_Y_uiy Correlation $
| ACCEL I-’ Z | embedding | Ztemp |o —; o threshold | °z
/ o e IS, =zw

| Canonical Correlation Analysis (CCA) I Luhmann et al. Neurolmage 208 (2020)
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NIRS/Brain AnalyzIR Toolbox

https://bitbucket.org/huppertt/nirs-toolbox/wiki/Home

* Created by Dr. Ted Huppert & team b ot
* Supported & Updated 3 s :

* Can pull from other programs
* Homer2, NIRS-SPM, FieldTrip

* Extremely versatile

* Many different analysis options
* GLM with pre-whitening
* Functional connectivity

* Image reconstruction
* Subject & group analysis

-10

* Integrates data from other modalities

(MR] EEG) Santosa H, Zhai X, Fishburn F, Huppert T. The NIRS brain AnalyzIR
’ toolbox. Algorithms. 2018 May;11(5):73.
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NBA

Processed Data from HOMER2/HOMER3

Homer2 (*.nirs)

. . Workspace
« MATLAB mat-file format (*.nirs) |[M&EESEEEE N
load(*SubiOL nirs' ‘-mat’ Name « Value Homer3 (*.mat)
- oa ( u J ANIrs ! -ma ) SD E/’.‘\J’ﬁl“lﬁb'&S*Dl‘tput (G- \Vorkspace (=
L rOCI n ut. == aulx _@J 1Z:tgruc:cRes£ItCIass e ol
P put. mm “ output 1x1 ProcResultClass
— Employed functions and parameters |f5 | Property - Value
@/ dod Ix1 DataClass
. procRe5u|t; procInput chdA [Y}(?Daz‘a(.'lass
. OdAVY
— Processed signals and parameters || procResult % dcAvg 1x1 DataClass
. 'S i dodAvgStd []
tincMan: o t @ dcAvgStd Ix1 DataClass
. . 1] HHdodSum?2
— Manually excluded time interval ﬂ”CME‘” o desuma o irass
£ userdata L HRE /]
[0 nTrials Ix71 cell
) i ch []
« MATLAB mat-file format orpAvgPass ...
Emi  Ix7 struct
_ load('2021-03-04 003.mat) misc Ix1 struct,

2021/3/6
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ProcResult 12

dod: optical density signals

8 Variables - procResult

o data | h x (ch Is x 2 I h ) procRest x|
ata length x (channels x 2 wavelengths) 11 struct with 13 fields
dc: Hb concentration signals Fleld = Value
I dod 10446x28 double
o data length x Hb components (HbO, HbR, 0 dc 104465374 double
Hbtotal) x channels i dodAvg []
HH dcAvg 4-D double
) . - dodAvgStd []
dcAvg: block averages of Hb signals - dcAvgstd 2.5 double
o Block length x Hb components x channels - dodSum2 []
. HH dcSum?2 4-D double
x conditions ] tHRF 1X509 double
HH nTrials [3,3.3]
dcAvgStd: STD of block averages 1 SD []
[ tIncAuto 10446x7 double
o Block length x Hb components x channels T tineChAuto 10446528 double
x conditions
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ProcResult .

tHRF: time axis (in second) of block
o 1 x Block length

= Variables - procResult
| procResult = |

1x1 struct with 13 fields

Field ~ Value

dod 10446x28 double
dc 10446x3x 74 double
dodAvg []

dcAvg 4-D double
dodAvgStd []

dcAvgStd 4-D double
dodSum?2 []

dcSum2 4-D double

tHRF Ix509 double
nTrials [3.3.3]

SD []

tIncAuto 10446x 7 double
tIncChAuto 10446x28 double

nTrials: number of each condition
o 1 x conditions

tincAuto: excluded time interval
o Data length x 1

tincChAuto: excluded time interval for

each channel
o Data length x (channel x 2 wavelengths)
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Plot Signals from *.nirs

Please run PlotSigNIRS.m and load a *.nirs file

Dual-wavelength raw signals Block-average Signals
0.44 T 400 — T
760 nm ] HbO
0.42 850 nm [ 350 HbR |7
0.4 300 = =
| f
0.38 i trt ‘H T 250 /
o T —
< 0.36 £ 200 7 \= NIES
" Y 5 |
S 0.34 % 150 T & li N R AN kxR AR Ir
E- 8” {’" / \\\-...-—-” LL
| c T | p— L .
< 0.32 % 100 B LL—L:L!':" JAES =
0.3[] W— £ 50 T e
,\:‘ = S AN
0.28 - M 0 7 ;EEEFA_—%
0.26 w -50 T el E
0.24 -100 —=
0 200 400 600 800 1000 1200 1400 1600 -10 0 10 20 30 40 50 60 70

time (s) time (s)
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Exa m ple DataSEt Lu et al. PloS one. 2015 Jun 16;10(%):e0129390.

10 subject processed files in the downloaded data folder

14 channels, 3 conditions (60 s) —— — | IntensitytoOD
HiE v B 1
. C )\
1. Normal-pace walking (NW) Subi0l nirs 201 Motion Artifacts By Channel
2. Walking while performing a cognitive task (WCT) - J o - (0.5, 2.0, 20.0, 5.0)
3. Walking while performing a motor task (WMT) & | Subj02.nirs 201} - I g
. . ~ ( )\
& | Subj03.nirs 2011 | spline Motion Correction
& | Subj04.nirs 201} (0.99) )
L] Subjos.nirs 201{ v .
CUbi06.nirs 201 Bandpass filter
@ | SUBR- L (HPF = 0.01, LPF = 0.1) )
L | Subj07.nirs 201| l
L | Subj08.nirs 201 OD to Conc
& | Subj09.nirs 201 } \
cubilO.ni 01 Block Average
& | Subjl0.nirs \ - )
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Quantitative Analysis

Signal mean (SM) during task block (within the period of 5~25 s)

Area under curve during task block (within the period of 5~25 s)

Signal slope (SS) within first 2~7 seconds during task block

Block-average Signals Block-average Signals
400 — 1.2 T
TT | HbO HbO
350 HBR |1 1 T HbR ||
300 F T Lt
\ 08 // ™\
5 250 0 % ] N
2 1T € o6 = N\
<) 200 N T T <] -
S SN\ T T E {
E | ﬁr T T L T
= 150 i = L == = 0.4 /
8 1L TN LTS g 1\
c T - - c AN
g 100 T LT ik g 0.2 / 4
o 711 1 Ee) ppi
I 50 T & LA
L LA \
o T . T T T L] \ﬁ L
Wﬁi 02 l LN+ - L
-50 1 T ] }T gt
-100 = -0.4
-10 0 10 20 30 40 50 60 70 -10 -5 0 5 10 15 20 25 30 35
time (s) time (s)
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Quantitative Analysis

Please run QuanAnalysis_excel.m
o Load *.nirs files in the selected folder
> Plot mean signals for each channel and condition

o Calculate values of interest ) Signal slope
o SM, Area under curve, SS 70
> Output results into Excel files ol
20 A/@/QQ}VOO/C
0 Wl
-10 /666
k5™
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Output to Excel files

Output data

11

12
28265
9.062773
3.951636
7.290436
11.90317
4483582
12.79333
1169119
1.033922
32.38032

N
13
286812
1584364
1707166
11.31536
2022203
-1.62093
2212574
109344
1168613
3098159

o
14
-1.55084
1377941
23.60687
10.56169
15.16636
£.4104
17.29086
8.321469
-1.03605
3244865

A E C D E F G H I ] E L
1 1 2 3 4 5 6 7 3 9 10 11
2 Subj#l 221647 039208 845542 B8B89339 H£.10277 -11.295 859166 -14.7985 435418 70636 51188
3 Subj#2 1463425 19.51131 1185311 £.734553 144422 1253427 1161112 9287581 1328279 20.14657 9.355034
4 Subj#3 6830832 8639301 150624 1729007 11.7926 9971544 1919851 2741524 4836163 6419013 6735763
5 Subj#d 1341732 2299837 1675914 123055 1043942 4847504 1211043 157653 1109240 1744522 8.113566
B Subj#5 2489119 1082365 1245225 17.05715 2933162 153594 129121 2645349 3916727 1454892 16.32959
7 Subj #6 2230749 2470315 -3.193 0 203720 -104835 9794145 0013395 05841702 2549545 446362 099295
B Subj#7 3553937 1313692 9915779 7.899169 1395014 16/1813 30067358 290131 1166749 1617623 14.19464
O Subj #3 1137175 1325997 1551856 14.00349 0831987 8441872 1443075 17.59827 3520416 8449655 1473077
10 Subj#9 1252891 6058982 4.186033 20050845 5618188 011519 4964649 7773187 18200 568195 9.057305
11 Subj#l0 2790544 1559226 3094456 2060464 2133821 197701 47.18935 4973234 36.33593 5920849 40.26558
= NW Ave ~WCT Ave ~WMT Ave ~NW Area ~WCT Area ~WMT Area ~NW Slope . WCT Slope | WMT Slope

2021/3/6
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Correlation Analysis

Cerebral oxygenation vs. behavior !?

2021/3/6

& | Subj0l.nirs
& | Subj02 nirs
& | Subj03.nirs
& | Subj0d . nirs
& | Subj05.nirs
& | Subj06.nirs
| Subj07 nirs
| Subj08.nirs
| Subj09.nirs
& | Subjl0.nirs

Subj0l

Subj02

0O (=] |Ch (Ln | B (o [BD (=

O

10 |Subj03
11
12
13
14 |Subj04
15

L b2

B
speed(com)

89.2
102.8
95.1

107.1
105.1
107.5

115.1
1094
110.1

108.6

C
cadence

1132
127.7
116.1

103.2
108.2
1094

111.8
106.8
109.7

1123

D
stride time

1.055
0.54
1.025

1.15
11
1.09

1.065
1.12
1.08

1.055

E
stride length

94.92
97.235
98.815

12461
116.005
119.22

125.025
122.745
122.035

116.02

F

G

speed(cog.) cadence

88.1
103.8
93.6

99.9
105.1
103.1

907
8.1
104

113

120.2
127.7
1176

101.7
104.7
105.8

1015
105
109.1

108.2

H

I

stride time stride length

0.94
1.02

1.175
1.125
1.13

1.17
1.14
1.09

1.1

88.605
98.045
95.74

117.02
119.86
117.795

107.73
112.805
115.12

113.485

]
speed(motor)

1004
98.8
103.1

107.7
109.7

1147
107.2
1135

1034

K
cadence

12|

12

13

1

]

1

1

1
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Perform Correlation Analysis

NZZ

<

Please run HbCorrAnalysis.m

load data_gait folder

2021/3/6

gait data (S3-D3)

gait data (S4-D4)

Scatter plots

R = 0.44244 ,p = 0.023615

140
8% 8
120 R 1
100 - § © o
O
80 - - . . . .
-100 0 100 200 300
Oxygen index
R = 0.45098 ,p = 0.020761
1407~ - 7
o o &)
120 r (W 4
100+ ~ o o
0~ 50
80t . . . . -
-100 0 100 200 300

Oxygen index

gait data (S3-D5)

gait data (S4-D6)

R =0.43827 ,p = 0.025124

140
120
100

o

0 0 G
. Cé>© o |
O O

80k

OO

-100 0 100
Oxygen index

200

R =0.43758 ,p = 0.025379

130+
120+
110+
100 ¢

90

&~ O 1
S0 |
©o0 ol
L0075 ©
0 100 200

Oxygen index

List

[Cond.3: motor] Significant Correlations with Speed :

(Ch.3: S3-D3) R = 0.49472, P = 0.0074442.
(Ch.4:S3-D5) R = 0.53995, P = 0.0030193.
(Ch.7: S5-D3) R = 0.66982, P = 9.6699e-05.
(Ch.8: S5-D5) R = 0.44878, P = 0.0166.
(Ch.13:S8-D7) R = 0.50211, P = 0.0064758.
(Ch.14: S8-D8) R = 0.41047, P = 0.030037.

[Cond.3: motor] Significant Correlations with Cadence :
[Cond.3: motor] Significant Correlations with StrideTime :
[Cond.3: motor] Significant Correlations with StrideLength :

(Ch.3: S3-D3) R = 0.44914, P = 0.016504.
(Ch.4: S3-D5) R = 0.51752, P = 0.0047961.
(Ch.7: S5-D3) R = 0.73847, P = 7.2398e-06.
(Ch.8: S5-D5) R = 0.39815, P = 0.03587.
(Ch.9: S6-D4) R = 0.52222, P = 0.0043636.
(Ch.13: S8-D7) R = 0.53457, P = 0.0033835.
(Ch.14: S8-D8) R = 0.47762, P = 0.01016.
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Notes

Use the partial correlation analysis to remove confounding effects
(age, gendetr,...).

Use false discovery rate (FDR) to correct for the multiple correction.

Use the scatter plots to check the data distributions.
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Laboratory of Neuroimage Biomarker Analysis

JEZX & Chia-Feng Lu, PhD

Q&A

Thanks for your attention :)

2021/3/6 CHIA-FENG LU, ALVIN4016@NYCU.EDU.TW



