MiCo: Multi-image Contrast for Reinforcement Visual Reasoning
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Method

Algorithm 1 MiCo: Reinforcement Multi-image Reasoning

Different

1: Input: Policy 7y, old policy my,,, image triplet dataset D = {([1, I2, I3)}, training steps Tiax,
group size G, clip parameter €, weak augment operators 7", strong augment operators 7 °
2: fort = 1to T« do
: Sample triplet (I3, Iz, Is) ~ D
Apply weak augmentation: (I3, I3, 1Y) = TV (11, I, I3)
Apply strong augmentation: (I, I5,15) = T5(Iy, I3, I3)
Construct prompts q* and q° from the weak and strong augmented triplets, respectively
Sample G CoT responses {oz-}iG=1 from g, (- | q*') > Rollouts from weak prompt
Evaluate reward R; = R(I", q oz) foreach:=1,...,G
~R

Compute group baseline R = e ZZ . R;, and advantages A; = ( )
10: Optimize 7y on the strong prompt q° using the group rollouts:
11: L) =& Zszl min (rifli, clip(ri,1 —€,1+ e)fli), where r; =
12: 0+ 0—VyL(0)
13: 001d +— 0
14: end for

Video data
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MiCo: Let’s analyze the differences between the two images:.

Oven Door: In the first image, the oven door is open, revealing the
interior where the bread 1s baking. In the second image, the oven door
1s closed, and we can see the bread through the glass window.
Lighting: The lighting inside the oven appears brighter in the first
I image compared to the second image, which might be due to the open
\ door allowing more light to enter.

i Background Elements: The second image has additional elements in
| the background, such as a sign that reads “SUB” and a pink cloth
| hanging on the wall, which are not present in the first image.

Focus: The focus seems to be on the bread in both images, but the
second 1mage provides a clearer view of the bread through the closed

door.

MiCo: To determine how many different cups can be found,
let's analyze each image:

Image I: The person 1s holding a cup with a simple design of
coffee beans and steam. This appears to be one type of cup.
Image 2: The person is holding a cup with a more intricate
design featuring swirls and coffee beans. This looks like a
different style of cup compared to the first one.

Image 3: The cup here has a similar design to the second
image, with swirls and coffee beans...This suggests that this
cup might be the same as the one in Image 2.

Image 1 shows one type of cup. Image 2 shows another distinct
type of cup. Image 3 shows the same cup as in Image 2.

The core components of MiCo

* Self-Supervised RL: we construct scalable training samples by comparing “same/different”
among video frames and 1mage editing data.

* Augmented-GRPO: we apply weak augmentations to get more correct rollouts and use them
to optimize harder examples with stronger augmentations.

----------------

Therefore, there are two distinct types of cups visible across
all three images.

Experiment Results

| Hence, close the door of the oven.
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\\ __________________________________________________ _/’ \\ ______________________________________________________ _’l
Baselines or Models General Object Person Overall* (2) Learning Paradigm (b) Data Source
______________________________________________________ Mat Trk Cpr Cnt Grp Cpr Cnt Grp VID Avg Atuman General  Object  Person General  Object  Person
7 S /7 oS Chance-Level 2500 2500 | 5000 3488 2500 | 50.00 3487 2500 - | 3273 -6l.44 Quen23-VL[2] 3964 5353 6344 Bdithaw [39) - 61.23 6333 36.35
( Q: How does the camera move when shoo‘rmg the video? \I | QUZSTIOH Which pom‘r IS cor'r'espondmg to the reference pom’r'). Human-Level 9506 9811 | 96.02 9423 9129 | 9708 9287 91.17 100.00 | 95.16  0.00 IS\IFTC . Zizg ;l)(lj 2222 5‘,1:])?;45] Zgzz 2:;3) 222;
: | : : — . . . . : oLLaVA-OneVision[17] | 1660 1370 | 4722 5617 27.50 | 62.00 4667 3700 4725 | 3935 -55.81 orBL o esss onis i vides 213 cse3  snis
: MiCo: The differences between the two | : MiCo: To determine the corresponding point | oLLaVA-Video-7B [43] | 1853 1279 | 5472 6247 2850 | 6200 6691 2500 59.00 | 4565 -49.51 ' ' ' ' ' '
. i . . . _ _ (c) Rollout Augmentation (d) Sample Formulation
1 imaces succest that there has been a | | 1 o LongVQA-7B [42] 1429 1298 | 4653 4947 29.00 | 58.00 41.56 2500 4500 | 37.10 -58.06 _ '
: g ) g8 o P for the reference point (REF) in the first ! omPLUG-OWI2-7B [38] | 17.37 1826 | 49.17 6297 31.00 | 63.00 5806 29.00 43.00 | 40.87 -54.31 General _ Object  Person General _ Object  Person
: change in the position of the laptop } , image, we need to identify a similar point in i o Qwen2-VL-7B [2] 1807 19.18 | 68.08 61.84 37.50 | 7200 67.92 4700 5525 | 4976  -45.40 ?SW“ZiVL [2)] 232‘1‘ ;3“5)(3) 22‘9‘;‘ ?We"z:j“ (2] zzj‘l‘ ZZ;Z gi;‘:
. | 1 trong, Strong . . . mage Pairs . . .
| relative to the rtest of the scene. ! | : | o InternVL2.5-8B [8] 4124 2653 | 7222  67.65 4000 | 85.00 66.67 5225 5025 | 5541  -39.75 ’ e
| , o o the SeC(?nd Image that could be analpgous. | o InternVL2.5-26B [8] 3050 3059 | 4333 5148 5250 | 5950 59.67 6125 4525 | 4559 4957 P A pageTrples 00 o 2
I particularly concerning its angle and the 1 | In the first image: The reference point (REF) : o Qwen2.5-VL-7B [2] 3591 4338 | 7139 4172 4750 | 80.00 5976 69.00 4500 | 54.82  -40.34  TTonE ' ' ' P : ' :
' et ' I : I GPT-4o [15] 3745 3927 | 7417 80.62 5750 | 5000 9050 47.00 6675 | 6036  -34.80 (e) Prompt Diversity () Image Augmentations
| osition of the items on the table. In the | I ° o : — -~ : —
I p , Lo i1s located near the top center of the bottle, i e MM-Eureka-7B [23] 5560  47.03 | 7410 5250 5400 | 77.50 60.00 51.00 4350 | 5724 -37.91 ey G:gz:l (5);”:‘; 1)6‘;?’4 P G;‘;;l 2'5”:? I;S:s
: first image, the laptop appears to be more : ! close to the cap area. : o NoisyRollout-7B [20] 4093 4383 | 6333 50.83 3450 | 70.50 6333 47.00 3650 | 50.08  -45.08 g:;'; i)r;)mpt[ : i ete siso B::iﬂ‘:p . o8 617
: angled towards the viewer , while in the : : In the second jmage- : 'ThinkLite'YLqB [34] 4045 4658 | 7556 6250 49.50 | 77.50 6250 5100 3650 | 5579 -39.37 20 Variations 6213 6553  57.18 Base + Rotat. 6258 6503 5586
! 1 ; - o b Pl : i o VLAA-Thinker-7B [4] | 4749  63.03 | 7220 6140 5500 | 71.00 57.50 51.00 4775 | 5849  -36.67 50 Variations 313 6529 5493 Bace + Color 015 ci26  suse
' second 1mage, 1t Seems 10 DE more i | - Point A is at the very top of the bottle's cap ' o Qwen2.5-VL-7B-CoT[2] | 4324 4292 | 6639 5056 3600 | 6250 5583 39.00 3675 | 4891 -46.24 : : : : : : :
! ' . - - o MiCo-7B-CoT 5714 6712 | 8194 5667 5800 | 6500 5750 6200 4425 | 61.06 -34.09 : :
upright and centered. | _ l
! p 2 . o P! Point B is slightly below the cap, near the : A Improvement +13.90 42420 | +1555 +6.11 +22.00 | +2.50 +1.67 +23.00 +7.50 | +12.93 +12.93 Ablation Studies
| Given these observations, it‘s likely that | neck of the bottle. I
. ;| ] . | Action  Attr. Sim. Cartoon Counting  Diagram Diff. Spot.
: the camera moved to capture this change Ly - Point C 1s around the middle of the bottle, ! Results on VLM2-Bench Qwen2.5VL-7B 4085 5867  46.15 3419 77.89 54.41
I ' ' ' ' ' I i MiCo-7B 4085  57.65- 4615 3419  79.90 55.29
: n perSPGCthe. Slnce the the flrSt lmage : : near the label. : — Geo. Und. Img-Text Ordering Scene Und. Vis Gr:d Vis Re:
. . . . I . . . . . . . . . . . .
! is from the beginning of the video and ; 1 - Point D is at the bottom of the bottle. l MuirBench [$2] BLINK[10] Hallusion[11] MMStar[6] MMMU [39] MathVistas [22] Qwen25VL7B 4900 7263 1406  61.83 3333 6370
: . . 1 | ) ) I MM-Eureka-7B [23] 60.57 54.39 68.45 65.73 54.11 72.00 MiCo-7B 53.00 + 7414+ 2031+ 63.98 + 3571 + 71.23 +
I the second image is from the end, and I | The point that i1s closest to the top center of : NoisyRollout-7B [20] 59.61 56.07 66.66 65.66 54.55 71.60 : : : : : :
: COnSidering the Changes described. : : the bottle. similar to where the reference : VLAA-Thinker-7B [4] 61.00 54.81 69.08 63.60 54.44 70.80 ArtStyle Counting Forensic FuncCorr IQTest  Jigsaw MultiView
! Pl — : : ———— . - : ThinkLite-VL-7B [34] 57.62 55.81 72.97 66.80 53.55 71.89 Qwen2.5VL-7B 69.23  70.83 48.48 2769 1800 5933  54.89
: Hence, the camera must have moved to | | point is located in the first image, is Point A. | Qwen2.5VL-7B [2] 58.43 55.54 69.50 64.06 54.11 67.10 MiCo-7B 7265+ 7000  4727- 3077+ 2600+ 6933+ 42.11-
. . . . I . . MiCo-7B 60.53 57.23 69.61 65.60 54.77 67.90 ObjLoc RelDepth RelReflect. SemCorr SpatialRel VisCorr  VisSim
!
| the right to achieve this new framing. F Therefore, the answer is Point A. : A Improvement 4210 +1.60 1011 +1.54 +0.66 +0.80 Qwen25SVL-7B 5410 8145 4030 3309 8881 5233  86.67
‘\ g\ J MiCo-7B 5492+ 7661-  3134- 4173+ 9021+ 6105+ 85.19-

Results on General Vision Benchmarks Analysis in Specific Tasks



